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TI TLE: ROBOTI C MANI PULATOR USI NG ROTARY DRI VES Cross
Reference to Rel ated Application This application

wa@bk@smsiopyi ority under 35 U S.C. 1 19 to U. S.PCT/US2008/063061
Provi sional Application No. 60/91 7,079, filed May 10,
2007, the entire disclosure of which is incorporated

i DB RYPOLRTEEUGNE Aok BATEYT O

degr ee- of -freedom posi ti oni ng and mani pul ati ng
apparatus as well as its extension to three (3)

degrees of frepdoi RN chceNol REIAEEG ! lidAgioRr esent
i nvention rel =of - freedom

mani pul ati ng apparatus constructed fromrotary drives.
Des dhipapplication tcteemBedrariddudder 3mlt 4. §1dOde WSt Enovisional

429 d_5, 553, 509 e,entire cl osu
ASBICATL AP A HR SR RV ek 20R7 rererti efRelSsure o Whicn is
inCRBSTatEherein by Fefdpsrige- of f reedom mani pul ators

construct ed fron1rotary drives that realize | owner

mass, inertia, friction, and joint roughness conpared

to other designs. FIG 1. shows the 2 degree-of -freedom
configuration as—ges pat ent. Such
configuration fea€ Soime fFponent s, as
rotary drives of the style enployed are easy to

f abfheasresentt ihventiomichates @ apaot(2) degree-ohPeddorhigositioning

power transm ssion conponents are required to deliver

Hdmémlppleélﬁgtawagataﬁ.8@%@'&8%? sxtansiami® Ve Ly dagrees Af
€ T tn r

freeB8n bR phfRtlfry [ PSSOV ndehte rddtes o Bdrand 3
degeea-gf- frhedaymsrsambutdmegrmuparat,ustdmeytruahedb‘mmadmry dghes.

and stiff. The low friction, lowinertia, and snpoth
actuation nake a 2 degree-of-freedom nmani pul at or that
is fast, accurate, and econom cal to construct.FIG 2
illustrates an apparatus having 3 degrees-of-freedom

as described in tbésbﬁ@ﬂoﬁ&ifﬁtﬁb-RéiBﬁacﬁAPlar atus

mai ntains the ideal's of stnplicity an ow friction

and inertia by nmounting the 2 degree-of-freedom
confUnifedadtatas Patent Nos. 5,429,015 and 5,553,509, the entire disclosures

of which are incorporated herein by reference, describe 2 and 3 degree-of-

freedom manipulators constructed from rotary drives that realize lower mass,
inertia, friction, and joint roughness compared to other designs. FIG 1. shows the
2 degree-of-freedom configuration as described in the ‘015 patent. Such
configuration features a scarcity of components, as rotary drives of the style
employed are easy to fabricate with a minimum of parts. Plus, no auxiliary power
transmission components are required to deliver power from the stationary motor
to the second link in the serial chain. The rotary drives can turn very smoothly,
and since the moving members do not have to carry the mass of the motors, they
can be made light and stiff. The low friction, low inertia, and smooth actuation
make a 2 degree-of-freedom manipulator that is fast, accurate, and economical to

construct.
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perpendicularly to a third rotary drive. The drive
notors, which are by far the nost nassive conponents

wo@RooBhe1089 degr ee- of - freedom mani pul at or, are | PCHUSI08/063061
along the third drive's rotational axis to mnimze

th | t E t
| nt E1GCR 531 e ol B6NOA SF0TPES T FetaHan described
in 8% 500aE, [Thefh@sttalis biHIaRS aRILIPb! SHIdIREFand low

finishing, 1t 1s inportant that the mani pul ator
frictiontarg inettéa I@y\mcnﬂuegttbe 2dadiee-ofifiaegiom eonfiglratan

resi u t her ron eed |n, the art
pehge R Io.8 B hei vl aRe e oS wh Bnia€ 5/ the most
més%ﬂiéc&dnbéh@ﬁtsw,thé RRIdgrée-ofR@edoRt anPularsr Yareflodded along

I nvention The present invention addresses t he

thexfhdidedrivel's @rieidonah @xisctormingvizeythpir dvertia mgnaltend 3
degr ee- of - f reedom nani pul at ors capabl e of fast and
accurate notion and that are dynami cally responsive to
external forces applied at the endeffector. Mre
particularly, the present invention serves to reduce
t he Fou ubmpliandersx'rimnméntabintmaehiﬂrsof iheaneaipalaor with itsal
stiffness ertia of the novin

d , nd
enVERRTEE hesdeauNA 5t Cose S aeseieb oy EEBeR HisBlnsorh s
mb@@@r‘it‘ tha e @Hhiﬁ_)hﬂitoi éorﬂ%l%réiﬁ@ﬁeé’cbf th FPé\Jv'nYerflé%Wd low

rotary drives he rotary drive consists of
re3|@tlaace vEhys, $heiel is @ @trm"tgemeeﬂ/ln herart &r rduhtlpiew@egreemfffreedom
W@ dto a darg s lanmeter c I|ndrt| cal driven
afors ¥ithredyp @ Tedion; Deria,MesHEer the driven
nmenber is required, it can be constructed as a parti al
circular sector, allowing a second rotary drive to be
mounted of fset parallel fromthe first via a
connecting |ink. The driving nenber of the second
drive is | ocated wSummayyofithe lavention on coi nci dent
with the axis of rotation of the driven nenber of the
fir T aqee e i
|neﬁhejgrb$§nthﬂ{/énrgﬁmg neggé%tsﬁe% ug{]{]@’]%@% ings by
prepedihg rvamdt 8.degne e-of-éneedoal manrmmjemem;)abm ohifagh@nd accurate

second ven nmenber directl abov t first d e

A a7 VEemialy St e AL farchs ppplgd ST the end-
effeeiypt erwei ght to the second driven nenber, reducing

needed not or

More particularly, the present invention serves to reduce the number and
size of components, increase structural stiffness, reduce inertia of the moving

members, and reduce needed motor torque.

A two degree-of-freedom robotic manipulator is constructed principally
from rotary drives. The rotary drive consists of a relatively small diameter
cylindrical driving member coupled to a larger diameter cylindrical driven member.
Since only partial rotation of the driven member is required, it can be constructed
as a partial circular sector, allowing a second rotary drive to be mounted offset
parallel from the first via a connecting link. The driving member of the second
drive is located with its axis of rotation coincident with the axis of rotation of the

driven member of the first drive.
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torque. The mani pul ator is nore conpact, nore
structurally rigid, and has |l ess mass and inertia for

whe@kasioper f or mance than previous designs. ThePQI/US2008/063061
degr ee- of -freedom nmani pul at or can be extended to 3

T AEe ST aRt eRlcTR i Bss A B P BELOBR R PYiNo i Bers.
pr&ﬁgjﬁg%h@heF bergrAEAES AR \?éﬁlé'éil%r%h?éht\’\wm thd'8bEond driven

centers of mass roughly along the perpendi cul ar
merobat dicgrily above.thgHisstasivearmembengse dirsttdrevep member acts as a

ree-of -fr mschai mis also | ocated cloeto
et o Ep BhwbiBE e SR Ve oBmbde Bab GG Teedied mStor
torGDEETHE Fvfibulatori& nfore Wohath | Mofd StrGetusdlé rik@s, driBias less
mass and inertia to realize hi gher performance. OmM ng

mass antkinedia farinighespesicamianee than previons designg menber s,
the apparatus can be manual ly positioned in order to

contragts E}ﬁ@re‘%ﬂgﬁ ddfsth ;ﬁ‘i?r}q‘gu Bt nr t’?é]I ?g@ﬂa dg efg%{ﬁa%gerges-of-

poi nts. p03| fon o poi n en cal cu

frelesdoamynnmurrgng hteperpendlicplasliytto camsadd\’mmrmlwuaey dfivelewiereber.
as a Coordi nate Measuri

cl(t%m(\:é)wmgrw r’te‘sé)\fggiélE‘ftei gﬁfgﬁ@(@g}n({gﬁm@@mmr@\%@umyg with their
ceh%?ébf R4 WSHgﬁ‘lg d’@rﬁg’s ) Enéfcl] ta‘tanQII 268 Ble E&‘?ter of

not or s. cor spect o e I'nvention,
maﬁsmfdbeﬁdégreedﬁ#rqm@rm nmEthagisam o aiamlqmﬂted cloge to the

‘atus is row . The aratus i ncludes a first
e X T ek BTeE '€ ke ARG TagieLstrdpturally
rlgfd 2Pl HHS 1488 B Peri !%ﬂe%ﬂzé‘hfdﬂe?be%kﬁﬁﬁﬁcém”ber

for rotating the first driven nmenber about the first

driven axis, and a link nenber fixedly connected to
t he Gwingto ie lanfriesiapand imediazgfihe ateMng mremeers, the apparatus

cobit) AR 0tRe ] oy T B8l eV Db HelIBE) idgstes
mergusemeht pointe T$\%Cp§tnﬁtlcd’f Mltﬁ@ hiSis gleere ballcuwt@@bgldxarmmng the
to the first driven axis, a second driver

joigioRestiENsatTis et q@diqwsmmrﬂ@nw@w@ & A QPrABAtR Measuring
Méﬁ Veﬁﬁ@M)”anr}S féﬁ&t%%h é EBe TEARGEd BY98Latl rE;e a@gﬁ%ﬁ‘d

he drive p |n 'S general Py col
medsuinernkat $enmsirs i plaes aixihe mistos: di ng t o anot her
aspect, the first driven nenber is a sector of a

According to an aspect of the invention, a two degree-of-freedom
positioning and manipulating apparatus is provided. The apparatus includes a
first driven member rotatable about a first driven axis, a first driver member
coupled to a first driven member for rotating the first driven member about the first
driven axis, and a link member fixedly connected to the first driven member. The
apparatus further includes a second driven member rotatably mounted to the link
member for rotating about a second driven axis, with the second driven axis
generally parallel to the first driven axis, and a second driver member coupled at
a drive point to the second driven member for rotating the second driven member
about the second driven axis. The drive point is generally coincident with the first

driven axis.
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generally cylindrical body, and the second driven
menber includes a generally cylindrical body or sector

w0 b@saofosd Accordi ng to anot her aspect, the firBCT/U8200&€063061
axi s and the second driven axis are offset and

I Ilel. | ith t.h t
Oe APpidnd it ek astedte e frahiivel mbobelin gl sty o a
geﬁ@ﬁa‘?@%hﬁ(@nd’a@b@ﬂy APtHe $6IMdrVRPNABHIDER inEGdEd4 @@herally

rotary power source. In accordance with still another
cylarsqﬁ@@t bodyer aggiar Htaneof. ncl udes a fixed reference
frame, and the first nechanical rotary power source is

ncc s dls 0FhEr biptcler e 3Eat T RESERelihf SBcond arven

axmbajﬁs@abnd@e@eya@qyman@our ce is nmounted stationary
relative to the rotation of the first dri ven menber .

According to yet another aspect, the rotati

conpbAEFRrdance Mathcnalher #RGchrine first rqﬂdaﬁp%@\,@}vegénu@r@gers
eabﬁ rE QK %%¥?ﬁ%{%tr89a %?ﬁﬁdﬁr&h’éﬁ?s?@étﬁf er‘ﬁ%@hz‘;rﬁleérerg}ary power

relative to rotat rlven
sourceaccordance wi th anot her aspect, the apparatus
incI udes an armfixedly secured to the second driven

ChoedBEBENER 40 FAITIBRIR anbBEba iyl ¥ oo
ref%kér%‘de Ak an® ans fitf thddMankRe etendbdWer sdReBes motinted
coupl ed to the second driven nenber by a second cable

statieansy td thedoedrretareecafremeanot her aspect, the first
and second driver nenbers each receive a respective

r ot g éoHAW or%flP g%g&% t‘ﬁ§s e@ﬁé%%@#arﬂé’éﬁéﬁé rf BOWer

sourc appar

sourvel igthesurdted Ismd)rfaey‘/ el ethvaeetof therretat@mbfvcherfmtmraen member.
rotati ng conponent of each nechanical rotary power
source i s rotat abI nount ed bo the fixed refer

ce
f r aMECPEing Fci/)éett%1 ther aeiesti thR reretipgLompastent of the second

mechanical rotary power source is rotatably mounted to the fixed reference frame

relative to the rotation of the first driven member.

In accordance with another aspect, the apparatus includes an arm fixedly

secured to the second driven member.

According to another aspect, the first driver member is coupled to the first
driven member by a first cable means and the second driver member is coupled
to the second driven member by a second cable means.

In accordance with another aspect, the first and second driver members
each receive a respective rotary input from a respective mechanical rotary power

source.

According to another aspect, the apparatus includes a fixed reference
frame, and wherein a rotating component of each mechanical rotary power source
is rotatably mounted to the fixed reference frame relative to the rotation of the first

driven member.
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dri ven nmenber. According to another aspect, a two
degree-of -freedom neasuri ng apparatus is provided. The

wa@ppanatoes i ncludes a first rotary drive havi nBCHUS2008/063061
generally cylindrical first driven nmenber and a

I lindri I t t d b
OPr Bt lo Raotber hescict Ny st e OkiTegHo fRpsyring
apgéfa\fﬁé Isaffr'o%o%@d Wﬁbﬁé*a&& Ihe%dfebrasﬁrsg théil%pdrr@‘fﬁ‘ﬁ\flng a

whereby rotation of the first driver nenber rotates
gena@IIﬁnthmdrmal v‘na’ﬁ drvabenermabeuand afgansralty ¢y}@drlaah sectorfist

f t dth t d bei ng. .
oriyef Beitey. e 5| & neBep b o Bl B A0 acalivey axis and
coSgleand thetidt\rieh erb¥t RBefetieideitdIn of B! firsttdrive®limember

second driven nenber and a second driver nenber shaped

rotgtaseihg firgt driven gmbed@bout adisstidsivenrasisdhe firsigirivet axig and

et 8 BB BaE 9 RBAR, AP AR R TEL Efge »
setotidtatary dfive hevis ngecgéhetﬂallwejlmﬂﬁﬁéllegeobﬂtlair%ntd‘iember and a
second driven nenber about a second driven axis, the

seceRdAEVeI TGBIOSA2NIPAA GenAEally s aYIIdey o Sa%ics thireal the
ek
s b BRI g, oS e R AU BN g gaypled to

the;reettm*rd dverr mteauberrwrzebeﬁy rd)tlaaosaetﬁgmjseimondedrl\aanmembbe rotates
1 rst rlver axXl. s an e secan rrver axils

thepeaand GiNETLERBIoa" ApOsAAHacend SANEN G, Lo SREOTH Doy axis and
(G EorEiAFL SNSRI o 98-y HEFGN the LBEOAd BRbethbHRer s

axl s e appar at us udes a |rst nmeasuri ng
rotatehy nuounpe e tb & dink figed ito the tirst devemmebder fanwtaticeaoout the

[ | h d d
sl VSIS R sl s rrgaond dvEE B R HE G et and
geﬁ@ﬁdll&l'pﬁ%lw A tHESw dHded rives @@@Béﬁbl@edé?ﬁllgué@ﬁcﬁent with the

hird driven menber rotatable about a third driven
flr%txirlyer axishihe apparatusralsh fcludaspd St nveaswsinginedns coupled to

e Bist Ry AL ST ot UL R e En g ey Bt Gibg second

dritve® ntsggpee- of - f reedom posi ti oni ng and nmani pul ati ng
apparatus nounted to the third driven nenber. The
rotational axes of the the first and second driven

axeé§\cepPeling iraRPther geppEnaitiigefeqreeoidraesoat Pesitipning and
mahipSafiig BpBatdilis thcflidese tHRMBRen member rotatable about a third
driven axis, a third driver member coupled to the third driven member for rotating
the third driven member about the third driven axis, and the aforementioned two
degree-of-freedom positioning and manipulating apparatus mounted to the third
driven member. The rotational axes of the the first and second driven axes are

generally perpendicular to the rotational axis of the third driven member.

According to another aspect, the third driven member includes a generally

cylindrical body or sector thereof.

In accordance with another aspect, the third driver member is coupled to

the third driven member by a cable means.
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According to another aspect, the third driven nmenber
i ncludes a generally cylindrical body or sector

w0 b@saefosd | n accordance with anot her aspect, tPET/UBI0081063061
driver menber is coupled to the third driven nmenber by

a cabl e aps. According to still another aspect, . the

i r SeoS R s IEGRPRT et s S0P Bbet FETH BheghgpT axes
reddiA! FothFORbLERBRCIeSYECRCMBBhSMLal Bt MBI UFY. 6RE the

and thethird driven axis passes through the bodies of
thitchdrivarcAxiaipasbes tiraugh pumeedies of des nfapnanioal sdepnpowerd

t hi rg driver axes. @ccorﬁ di n% t o anot her aspect, a
SOy OB@&%‘?@&P-#% érg "YEL fj??hg apparatus includes a

first rotary drive, the first rotary drive having a

gen@cabiding 10 ancthiet abp&dt, §eisleerdddres @ifirdaddodt méasueing
menber and a generally cylindrical first driven

apRaFAlus INclues3 fis rofary diivedhndirstiratans diiva bpuingimaenerally
T B S100 6500 P b 08 {40 LB s

driven aﬁaﬁkﬁem?ﬂhé fiasi(t]I ddiwéwmemtmrbegotahmuu? abolit % $itstdiriveeaxis and
axis, the first driver axis and the first driven axis
Coaglieﬁg}%la%@F%Mrgveaév%m[)ef Whﬂfebyaﬁ%%t% %étﬁ?lﬂ@tﬁ)é/'fver member
rotal e T st B/ %ﬁ\“ﬂ’éﬁ%{g%ﬂgg éhzstct}’rﬂfeﬁ%;ﬁé,'tgé ¢RIYPver axis and
measuri ng apparatus, the egr ee- of f r eedom neasur I ng
theafirsa daivers akisi beindg geeedtally panalkett d4etappanatudrfuntieer includes the

nmenber., reby the rotational axis of the driyver
Al reRaonEd guTearap 19 fscBn AT NS BpPrICs otacd Braes-of-
fre@¥BM Rleakifing apparat@s b¥RgTRERRS Sorintctdtfto’the driver member,
degr ee- of - freedom neasuring apparatus. A neasuring
wheselys thesrotatinriaé xis@ftthe dfiversmeditieres gaeetadly pemeendieular to the

o fi6ETER i itent s SeERE T B 2 BoPEPs Ao Measuring
applfdtiis dasRERSGthAREapa s teubiad Ity tefirs edvenmémbéhe

clainms. The follow ng description and the annexed

drawi ngs set forth in detail certain illustrative. ,

_errb_a'@i tﬁsrﬁcgomphsh@enhofemei feregoin@ aad salgérf ﬁ@?ﬁ,ghgﬂr@ventlon,
B O R g e AR SR e o
oueimptheystaimsOt Hies fatlopwdng deseaibtiantaageth caanthexedalratverfsuset orth in

|gventi,on wi ||  becone apparent fromthe

de?e&h qttql}%ilh lugirative @g]bgggrggrptﬁtqf(;rﬁg diventan. These embodiments are

indicative, however, of but a few of the various ways in which the principles of the

invention may be employed. Other objects, advantages and novel features of the
invention will become apparent from the following detailed description of the

invention when considered in conjunction with the drawings.

Brief Description of the Drawings

FIG. 1 shows a high performance 2 degree-of-freedom manipulator of prior
art;

FIG. 2 shows a perspective view of a high performance 3 degree-of-
freedom manipulator of prior art;
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i nventi on when considered in conjunction with the

drawi ngs. Brief Description of the Drawings FIG 1
W@ b@sg4@shi gh performance 2 degree- of - f r eedom PCT/US2008/063061

mani puI ator of prior art; FIG 2 shows a perspective

vie a, high erformance ree-of freedgom ,

mnt 51 3PWER BEsBROGH Viencer &2 cGiee - Ferdiscmpoipulator
actbihPlo Redndtigpe- of - freedom mani pul ator according to

the invention; FIG 4 shows a top view of a 2

degr ee- of - freedom mani pul ator of FIG 3 according t

t he FlGvéshpys,a paiew of kodslegreseet-iregdamananipulator of FIG. 3

ree: f rranl pul ator of FIG 4 according to

ac?ﬁ r?qﬂ?e ﬁeerﬂ%' G 6 shows a perspective view of a 3

degr ee- of - freedom mani pul at or according to the

I NVENGI Bshoivs@ sdctmorswf e Spgrdd-offreedormaharipdlator of FIG.

degr ee- of -freedom nmani pul ator of FIG 6 with the arns
4@9?%‘?1”%"‘?3?%@@83@ FIG 8 shows a side viewof a 3

degr ee- of - freedom mani pul ator of FIG 6 according to

t he %

dogt o3 SRNDRE 2 DelSpeR P o & oo Y-ReBbinanipyator
accondingntoethei ioventoet ai | ed Description of the Invention

The construction and benefits of a two

degree-of : freedom nani.p ul.at or hown in FLG

desETEbEanPHEFEPIEERCHR YR WS S5O0 s eGyciy habbutator of
FIGCehath theadtthsSina aledred pofseconponents, this 2

degr ee- of -freedom nechani sm of fers hi gh perforrrance

and econom cal construction. The nmotors do not
r el &Gy shewsiesiggvien oba I %@r@ﬁr%‘meﬂ%wa%ul@m@ FIG. 6

penalty for using large notors to
acg(?:rlqir}g;vfbetrhfe%\?rgfb% !

e rapl ccelerations. No belts, chains, or
I i nkages are required
FIG. 9 shows a section view of a 3 degree-of-freedom manipulator of FIG.

8 according to the invention.

Detailed Description of the Invention

The construction and benefits of a two degree-of-freedom manipulator as
shown in FIG. 1 is described in related patent #5,429,015. With its scarcity and
simplicity of components, this 2 degree-of-freedom mechanism offers high
performance and economical construction. The motors do not move relative to
the motion of the driven drums, so there is no performance penalty for using large
motors to achieve rapid accelerations. No belts, chains, or linkages are required
to transmit motor torques to the moving members. No additional transmission
reduction mechanism is required. The short mechanical distance from motor to
the controlled output point allows higher accelerations, more accurate positioning,
and more accurate force and torque than competing designs. This design is well
suited for applications that require fast and accurate planar motion, as in a

SCARA (selective compliance articulated robot arm) industrial robot.
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to transmt notor torques to the noving nenbers. No
addi tional transm ssion reduction nechanismis

WO e@aittws? The short mechani cal di stance from PGL/O82008063061
the controll ed output poi nt al | ows hi gher

e CHIGSE b e Ao QR e iR R G IR oBEf 8RS eaRA) i
anctns@nqtnat %bb.rﬁéﬂtfo@%é BFes%'hPtrtv%ﬂhbﬁrErnt/é‘ﬁtotéﬁ%lisr Mounted to

fast ‘and accurate p anar notion, as In a
stqtiosbacstand roemper ant durastd cyllndrleall drotecmcaastah 10 The capstan

108 B850k bBRRb O TR o 4 o G O A ERF b e
drgfitpadoverthe @bpttad 10 paRitices %Vrﬂ@bhétﬁicalfﬁd\héﬁtégé - t9E mdtor 50.
mounted to stati onarésst and nmenb . It turns a

Thigyrotaryrdrivel is snpwearbycagdtagemark, narh@ RQB@tléaKm Sagebrush

TeEAHBBS]. i, SRS SINB By, PRt o i B o o

copplsteyasirodldrebbiea ¢ dlesertityens agetor prefieheblyidsarthaf .onEaf (14)
rotary drive i.s known by the trademark name ROTO LOK

of gfcogpiatsy ¢iegie T AW leggth nerd onlyibadargenenenghy khmeet e
achfévBBI% at rﬂ%"es@érh/l r&ta&ﬂn@i %g;edét*tﬂbgpbbﬁol?ﬁ’tF%‘[ﬁ%ltlﬁp%éfm 20

I'rcular, escr | a sec prefe
wnhttmiy ttmaﬂeediéd yrc)lengtmrerduups s enasy ahakineftiee Iaalrsolmangt]tla

need onl e | ar no et the achi evable or
mAgvesnts relgtes PR e uns SrTErecPRBdAK: of m.
Fabricating drum 20 wth onIy t he needed arc length

r ed@eRSinLiing tBBeferad F1GBERLE &irui 2@|sSkaREOAUIE65. Mounted on
i nprovenments related to the mounting of the second

benrings intemmeal and egnecentrieftethe bulrlgds capstandiireapstar 30 is driven

oy coBE AP SOPRISYIR BB BRI A9 A T8l Mipe b 65 to

pr@lnde/ereaba/nda)to@ldr@ﬂ Aand fo BN RS caibles &Ftogsass thidugh to the
drum 40. A slot is cut in the hub 65 to provide

internady anewnted cagpiam 3D Thedhul Balseses the &b PeErase efsupporting
a0 B4Beh gt Mgl B Blo M RLEH spRiaR 30 The

ser ual rpose of "supporting drum 20
and capstan 30, mnimzing conponent count and nass.
I n tirinehepprii@raraconfigurbtigushbworin Fhewn, distafly Gounted drum 40 is

unted drum 40 is offset bhoth radiall nd
offss oy He iR G rcem FPS0 M 2 SR 6T a0 ERisated as
a ;?azrt@ntl gﬁégtg é?flé’hp e e fiR I@{e%%ﬁ?ﬁw\éhﬂ&q bE@xBRRFRBY in FIGS.
3-5, drum 40 can be mounted with only a radial offset from drum 20. This
shortens the distance from the stationary stand 5 to drum 40, increasing the

stiffness of the supporting structures and reducing their masses.

Drum 40 is rotatably mounted to link member 70 via shaft 45. Link 70 is
fixed to motor 60. Motor 60 is mounted and journaled for rotation to fixed
structural frame member 5. Hub 65 is concentrically fixed to motor 60. Therefore

drum 20, capstan 30, and motor 60 all share a common axis of rotation.

When motor 50 causes drum 20 to rotate, link 70, drum 40, motor 60, and

capstan 30 will all turn about said common axis. Motor 60 can therefore drive
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3-5, drum 40 can be nounted with only a radial offset

fromdrum 20. This shortens the distance fromthe
wor@Bilens?y stand 5 to drum 40, increasing thePCT/US2008/063061

stiffness of the supporting structures and reducing

ol SR8 e iR bst o R AP LR Sl Rlgn e
peNBH@rfg FUrbidh M@ WHRIuRRY hohaaliRetdrdr thet ation to
fixed structural frame nenber 5. Hub 65 is

concentrically fixed to notor 60. Therefore drum 20,
capdhgae Jupravenenis ovestheapriorsiiheeate achdegregxefsregdom

gl e e SRt e GRHEE Tt g Rasiher S Fume' ™
coffponenRilttetanNsEHE Banesfits Mon® thebPricredt bhm@iﬁﬂzmg inertia by
drivedrum 40 i ndependent of the pose of drum 20. Link

meherthe deliegvely weassive medorsdeigpihead stascteial membernpwhile
o AR RS SPES 5L 205 od Qe AE8 R RSN EIRLA pover
tramamigsidratomponehtsl teselivastorglie wethecdistad ekt Ehe modingesembers

bendj in the gonmponents. It retajins the benefits ,
cap EsripbHeagivery IRt BAaIgRG HpLhH§UMENt 218 SbRRETsgPIc

r ' notors to a fixed structural
mdr%elb(?n]‘geaﬁoaéﬁl bt}él BI nrgg'

e avol the mass, friction, and
roughness associated with using auxiliary power o
t r arlbig egifiguratiorpoare he extenddd ok degreegund fregdoheby mounting it

di,stal link. The vin n.be fabricated ve .
to A rotaiivh s JEDE TP el T4 Srrgernans dapdial fnk i
thd 2Riegré@bf-prasdamimeekaisfredGshot requng-asuéh freedom of

configuration can be extended to 3 degrees of freedom

rotp{ionnagnin ity SGARA, S0 it i M@dersaa padial giculas seefonto minimize

-0. In this arrangenent, the distal link in the
m%lS%gdr'Z' -%%)af'-freedom mechani sm does not require as much

freedomof rotation as in the SCARA, so it is nade as

a p&orited 3adegees-af-freeddor mhnipulatonszevmis FIGRA6-9, components
inertia. For the 3 degree-of-freedom mani pul at or _shown

10; R02 25530, 609 45¢ Bt 67160, 20d 89 pertaym e, sause fugistions as
Inhespeent ot Ponels cEoeHEed e BeBRFERg  HRebyAtorARuraton
of égBe8d-%f - f reedom confi gurati on

The principle difference is that instead of mounting to fixed structural frame
member 5, these assembled components are mounted to an orthogonal shaft 95
via brackets 72 and 75 (FIG. 9). The shaft 95 is mounted and journaled for
rotation to fixed support member 5. Also fixed to shaft 95 is drum 90. Drum 90 is
shaped as a partial cylindrical sector similar to drum 20, and is driven by motor
55. More particularly, capstan 85 is driven by motor 55 and is coupled via cables
87 to drum 90 in the same manner as previously described for the other joints. As
drum 90 is driven, it causes the shaft 95 and 2 degree-of-freedom mechanism to

rotate about the shaft 95 axis.

The motors 50, 60 for the 2 degree-of-freedom mechanism are positioned
directly along shaft 95’s rotational axis to minimize their inertia. Also note that
when the rotational axis of the shaft 95 is oriented vertically as shown in FIG. 6

9
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of FIGS. 3-5. The principle difference is that instead

of mounting to fixed structural frane nenber 5, these
wa@e@siploed conmponents are nounted to an ort hogPeEIUS2008/063061

shaft 95 via brackets 72 and 75 (FIG 9). The shaft 95

[ nt.ed d journal e or rotation to fjxed. support
anfiditer- 9um ACftE PR P adaL st ol ar el kG educes
the BorgleRESLIRR) & Matdrisy tocdﬁée@g%\ﬁtg'foﬁ,%%t. PhisShBkéSndre torque

drum 20, "and Is driven by nofor 55. More particularly,
avaighie dor BB dreddetivesspegtaof ibe rsanipntator oc allpved@ sraller motor

f 3ab| 6%5@7 ta.dr um 9(%) in the sane .nanner as previously
Or &% iR 2 g NG RasET A¥Pami THEROTHECW I 90 is driven,
it causes the shaft 95 and 2 degree-of-freedom

me C IGmh SdretiQo 1tioé pkier aRAATFIGhR, $itas deBrecsi-freed®® reduces the
motors 50, 60 for the 2 degree-of-freedom nechani sm

Magseof b ine\dng gomnoaentsyand teghihem olgser fthgrrasaandicular

ool Pt (A Rl reldlElin Forth i o Gl Heptbet are
shueened ahtngagmgsstawturiahaid orsiomadrigid@y. The dieomaBitahpath from

i i BN e iRd e e SuaBr InsbeREBE (BCGBEGINS robots
SthEK big bekGasy. RNSOAIES rEBiFed BF HeenBIGts! abl e for

e productive aspects of mani pulator, or allows a
smal l er motor for less inertia and increased dynamc
r esgbese vspessemaiapae sthdeowhie naintaminrg theoyirteesin the prior

this 3 de e-of -freedom.r educes. t he nmas f the -
art, 3 dearesS i TRafon Wit SRt [ FEat ERuh Sy S fudigngleach joint
whileRgiREHisingahe behatilsata trandrissn deduEhien. It Beiklés practical

reduction. Lengths of support nenbers are shortened,

levetofesearguiput withummimahiaettiss endreanoethgiow trigtiorieotion in an

i th fromthe robot's end effector to the
ecgﬁ%g‘%ﬁglﬁ% 'i's shortened, increasing the robot's

stiffness and accuracy. Less torque is required of the
not Bosh tHe2 slegregpodireseoinsagaeatisdsf FUGS. 8-Frandtthg B deyree-of-
the virtues in the prior art; 3 degrees-of-free

. edom ,
fregdem aprpelus PGS &P vendsimpladeniad 8% afioosaiRAty Beasuring

N . i b . r ¢ o
N o Replafipd ol 8060 201d 71k, gl Wi Bl Ge-or-freedom
appatgius, motdn 5%, miithred nguhaaTheasuraenterd seosdrs. Aquretisicrt probe
wortTJII)é bg?ixleg a?tthe end of member 80, and the operator would manually guide
the probe to a desired measurement point. The coordinates of the point are

calculated from the angles of the joints.

Although the invention has been shown and described with respect to
certain preferred embodiments, it is obvious that equivalents and modifications
will occur to others skilled in the art upon the reading and understanding of the
specification. The present invention includes all such equivalents and
modifications, and is limited only by the scope of the following claims.
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econoni cal package. Both the 2 degree-of-freedom
apparatus of FIGS. 3-5 and the 3 degree-of freedom
wappanates of FIGS. 6-9 can be inpl enented as BCT/US2008/063061
coor di nate measuring machi ne by repl acing notors 50,
V\@ aad |n t he case of the 3 degree-of-freedom
Ghis GAtRed [Sot or 55, with angul ar neasurenment sensors.
A precision probe would be fixed at the end of menber
80, and the operator would nanual ly guide the probe to
1.a désiwaedegreaaftiegagiom posivoningranccoeniiuletingsapparafis,
gint are calculated fromthe angles of the joints.
co pcrﬁmgh the invention has been shown and descri bed
W t B fires@didn menfRirireldtatie ebout adirstrdR@dnrsad;s, it is
obvi ous that equivalents and nodifications w | occur
to étfierdrivkimemier aoupled e e fiplodrivenemeadmsirier @ieting said first
ation. The present
o iR o ek M RGBS A

LGeR qui val ents and

modigflinkahemner flﬁéks/i\xloﬁnheotleﬁetd said ﬁrsbmnt/éw mnb@r of the
follow ng clains is clained is;

deg@é@C@ndfq%adnemagr fqtatﬁbﬂﬁgmwatqpam @qm m fgember for
rot%ﬁﬂ@ a%Hfa sSPORY bRl EY axR f/\htﬁ%;a djééé’cgﬁ | %g;%%?é?llye

rst driven axi s
pacalepteeshit dirst drivesitaxis;ianeh nenber for rotating said
first driven nenber about id first driven. axis; a .
| i nP S0B8 rwe&ermrgb%ro@m&%iat 2 glriva ngtite Spicseeang driven
mé?ﬁﬂ@tefor ri‘taﬁﬁﬁ% dorRiNdRMI e abaht ¥aﬂ%§'&bﬁ9 dri%en axis,
sal d or rotating about a second driven
axi whammfsaaxhddvs pomh s generally aginsidgahesithldayd fiest driven axis.
to said first driven axis; and a second driver nenber
coupled at a drive point to said second driven nenber

2.for Fh@tagjddﬁﬁtufé,%f%laﬁﬁpp Nohéheiny §41d RSB TverAEbRRiFa sector of a
second driven axis, wherein said drive point is

gegerasly Aylidricsl hedpeand with said first driven axis. 2 .
mﬁg%{iﬁp%c%bﬁsd& egr%gm@g% bo%‘aﬂsgé 2 gc‘eaHe‘?alfls} Eyci Fnd%él k?c?dy or

sector thereof.

3. The apparatus of claim 2, wherein said first driven axis and said second

driven axis being offset and generally parallel.

4. The apparatus of claim 1, wherein the first and second driver members
each receive a respective rotary input from a respective mechanical rotary power

source.
5. The apparatus of claim 4, further including a fixed reference frame, and
wherein the first mechanical rotary power source is mounted stationary to said

fixed reference frame.

6. The apparatus of claim 5, wherein the second mechanical rotary power

source is mounted stationary relative to the rotation of the first driven member.

11
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generally cylindrical body; and said second driven
menber conprises a generally cylindrical body or
wgae@sos10Bhereof . 3 . The apparatus of clai m 2, PaUTEsm08$1063061
said first driven axis and said second driven axis
bei ng of fset and generally parallel. 4 . The apparatus
of claim1, wherein the first and second driver
7. TeThRES RS AU 8 \K/ﬁé’éﬁf?ﬁeVr%tétFHgaédfnb@rﬁ’éHt Jfrtlﬁ’énsécond
respective mechanical rotary power source.
megheaical caianf peweai source fisirath@bly mountidchty said |flxed| reference
reference, f and erei.n the first nmechanica
irap G5 NG LB A28 41 e B AeheE e By 1o sa d
fixed reference frane. 6 . The apparatus of claimb5,
wherein the second nmechani cal rotary power source is
8. mourdhedrnesgius i olaimet durther eemprising @nadino fixedly speured to said

ﬁﬁ'ﬁ] |5r$rrber 7 . The apparatus of claimb5,
Sev\%ergl”gé'# rotati ng conponent of the second

mechani cal rotary power source is rotatably nounted to
said fixed reference frane relative to the rotation of

9. t he Therafpagatus &f Gaifbgrwhegein s3id fﬁgﬂﬂvﬁf (rengberisfowpled to
sa o“lr r'épgﬁ\aé?{)%rrﬁﬁér% é"ﬂrsg gb[?ht’ﬁ‘éghé’ aﬁﬁcslér(?g?éégqog?%% member is

secon Iven me aratus o
coublerdo rsaghsecdnd drivenr nn\earbemxytmsemmd:mme evledrss.sai d
first driven nenber by a first cable neans and said
second driver nmenber is coupled to said second driven

10MeNiee DHpARareTIh; Ff??'\ﬁhéf%ﬁﬂﬁe 48t and E@cméﬁ@ér"rﬁembers

claim9, 'wherein th irst and second driver nbers
cachcéceiee airespectivesptary iinveutriatnaayres pectivef memnanlcal rotary power
respecti ve nechani cal rotary power source. 11. The
aratus of claim 10, further including a fixed
reference frane, and wherein a rotating conponent of
each nechani cal rot_ar%/ power source is rotatably
TMourdherpparataiseffdaied] 0.deghenioeludinge fixed sgfevenceoframe, and

whre%i%te{ toort'at?rig wr%pg'nér?ttof each mechanical rotary power source is
rotatably mounted to said fixed reference frame relative to the rotation of the first

driven member.

12. A two degree-of-freedom measuring apparatus, comprising:

a first rotary drive comprising a generally cylindrical first driven member
and a generally cylindrical sector first driver member, said first driver member
being rotatable about a first driver axis and coupled to said first driven member
whereby rotation of said first driver member rotates said first driven member
about a first driven axis, said first driver axis and said first driven axis being
generally parallel; and

a second rotary drive comprising a generally cylindrical second driven
member and a second driver member shaped generally as a cylinder or sector
thereof, said second driver member being rotatable about a second driver axis

and coupled to said second driven member whereby rotation of said second

12
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driven menber. 12 . A two degree-of-freedom neasuring
apparatus, conprising: a first rotary drive conprising
wa2genersd |y cylindrical first driven nmenber aPdI/asS2008/063061
generally cylindrical sector first driver nenber, said
I rst [

riv r bei rotatable apout a fir
d”kﬂ?r WEMOREE] %S%@é&CQH VERiMaCTPPE# avﬁavéﬁcql%qﬁﬂaven axis,
saW‘@éc%Wi dere@tak%narRT séﬁé's‘éc&h& riveRi 'a%%r béﬁ@’@%ﬁef&l&%a@éllel

said first driven nenber about a first driven axis,
sai avhereisttheisecend dxiver methbstiigirdtatably ohounegd txa $ink fixed to

thetBts5 Brigeigefingt B Re e ap it SPEGREafigR G, s Frt ariver
axméaua@@c@nw@méﬂaﬂéIb\éﬁf m@qndsg@r@éggs@@llal lavdasaid

| i nder or sector thereof, said second driver
seﬂ@'n%drlvmawg hedngoanerellysoincident uiibrepid firsisrivaxpxisand

coupl &, 10,8k SECART LR IRTRES Ik ShYbak Ao

of sal I'vVer er ro es sa| riven

menpedecebduhedsgirgomedads icb@pled&b%aucﬁ@ecbrme@mm GhieiVsT .
axi s and said second driven axis being generally

parallel, wherein the second driver nmenber is

tata f i
130t 28 BN 6 0 i o KESd B 1AG ot
cosmrigirfg:r st driver axis and said second driver axis

bei nq, of f set and eneraII nd sai.d second
a1 Fane e So ForBeeimseiable Softa Mg NGBS ar a 11 1 st
dr i \ehir@driver %JMBértcdﬁ'ﬁ)?e%‘fd $¥ld HRANEriGEH RlePbdrFof Adtdting said

first driven nmenb d a second neasuring neans
thicbdipVerdmeeontzari abasi seiddthiardidrivenreeathyer . 13 . A three

degr.ee- of - freed itioning and ulatin
appitepaRaranarTaRnd. Mot 5o TBR: Beldh riuber: agyesein
aboe mothitbridl a@téb‘é?ﬂw@éélél firgt 4fd §6csHd derBXB Are generally
coupled to said third driven nenber for rotating said
petpendiculan tmetherr@taﬂ@nab@@apf saiddhirdidriyedmemheaxi s; the
apparatus of claim1, nmounted to said third drlven
nmenber; wherein the rotational axes of the said first

14and Teecappratius \of Tl dxeso, alafd gfedldrymember comprising a
generally cylindrical body or sector thereof.

15.  The apparatus of claim 17 wherein said third driver member is coupled to
said third driven member by a cable means.

16.  The apparatus of claim 16, wherein said first, second, and third driver axes
receive rotary input from respective mechanical rotary power sources, and the
third driven axis passes through the bodies of said mechanical rotary power

sources for said second and third driver axes.

17. A three degree-of-freedom measuring apparatus, comprising:
a first rotary drive;
said first rotary drive comprising a generally cylindrical or sector thereof

first driver member and a generally cylindrical first driven member, said first driver

13



10

per pendi cular to the rotational axis of said third
driven nenber. 14. The apparatus of claim 16, said

wo biosd4@89 ven nmenber conprising a generally cyPCTus2008063061
body or sector thereof. 15 . The apparatus of claim17

mqrﬂg{argkl)%pa \?Ig%t%tg%%gpﬂw\{‘gsrt m'gg%%gaq{édl 8&@@3 ﬁga%afilrgt driven
mé}ﬁBé‘F @hélfe frofdt@nBrk&id MReURLEr ﬁ]@h%ér'rbﬁattes SSECTE: driveth
drivér axes recelve rotary input fromrespective
memberaab@etla first driverpewer said dirstedyjveamdist ared said fstdiriviesraxis
b aX|s S@ﬁé tqrﬁugh t he bodi es of said nechanica
& )Frﬁ ?raé rces for said second and third driver
axeg.2 dégrecott e&for Mg RRTRIG-dpRraNR dBiAiINN U3,
apparatus conprising: a first rotary drive, sai d
fi r yhereinsejd arde\géeez-@ﬁfreedpﬁgmgag@m appgragys isrikedhal
f
co%?@ggtte rs,g d“&rf Ve m%‘nbé} néeﬁg\ré e I%%S{jo'fél b o SHid Arilr

rtc |rst 'Ven sal

membaeis meed|lyuserpendietilr ab tree ERaliN Al aikEs O el rotgry @kies
and coupled to said first driven nenber whereby

mMerabarsi iBisait 2 Se0rre-PHieedemBeagilkAPPyRM%:s sai d
Fi r%tmgéédr‘ﬁﬂ; r‘ﬁ‘:é%ﬂgrco %‘dttgaﬁafd Firdt ﬁjl(/ér\{‘?r%rﬂﬁérs sai d
rst drirver axi's an sai r st r|ven axl s 'bei ng
generally parallel; a 2 degree-of-freedom neasuring

apparatus as in claim13, wherein said 2

degr ee-of -freedom neasuri ng apparatus is fixedly
connected to said driver nenber; whereby the
rotational axis of said driver nenber is generally
perpendi cular to the rotational axes of the rotary
drive nenbers in said 2 degree-of-freedom neasuring
apparatus a neasuring nmeans coupled to said first
driven nmenber

14



