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freedom More particularly, the present invention relates to both a 2 and 3
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features %&?@%@&édhgfeiﬁ%gﬁ@f@éh@. as rotary drives of the style enployed
are easy to fabricate wth a mnimum of parts. Plus, no auxiliary power

transm ssion conponents are required to deliver power fromthe stationary
notor to the second link in the serial chain. The rotary drives can turn

very snoothly, and since th J. :have to carry the nass
of the nmotors, they 25can bere 84 FRIPSF tnél i a‘tﬁﬁe low friction, |ow
inertia, and snooth actuation make a 2 degree-of -freedom mani pul ator that
is fast, accur &t pagnerwentibe adlatas womsto (&) degree-of-freedom positioning

10 and manipulating apparatus as well as its extension to three (3) degrees of

freedom. More particularly, the present invention relates to both a 2 and 3
degree-of-freedom manipulating apparatus constructed from rotary drives.

Description of the Related Art

is United States 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

20 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

25 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.



WO 2008/ 141089PCT/ US2008/ 063061 FIG 2 illustrates an apparatus having 3
degrees-of -freedom as described in the '509 patent. The aﬁﬁar at us nmai nt ai ns

t he i deal y%?('oﬂlﬁlﬂf‘? city and low friction and inertia byP WPW@GP%é 2

degr ee-of - freedom configuration perpendicularly to a third rotary drive.
The drive not ofgg hiEhadLaRbpbakatl faViet 3 BEBSSHSIE!-FOSRGNY Segtlriddie 2
degree-of -freedom nmani pul ator, are located along the third drive's

rot ati onalin tha ‘$08patemti nifeeaphaiatus maintainspibedtiesls dFermpliciiy drachtow
environmental interaction of the jpulator. Wi th its environnment, as
Coqui red MCENGAY rertd R meung e deyReaite s derintnlottatens L of mpor t ant
that the pRAldHdidleNy CPAIRIA rdthBy 8Rvk ef{eafivs Nty WONEH BRY b ParaRE rhe¥(
resi stance. Thus, there is a strong need in the art for nultiple

degr ée- of Massddoeemaanguisaldhe 2vediepaftiteation inkanipuaternare lagatethsonget c.

Sunmary of, e ] nventiagn.15The . present .i hyentiaon.a ses the

af or enent it%%hriﬂ%\%[%g H%@altﬂ?('%{oo&?rHM@ g]eérnlﬁgg'adg(gr@ -of -freedom
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particularly, the present invention serves to reduce the nunber and 20si ze
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Summary of the Invention

15 The present invention addresses the aforementioned shortcomings by
providing 2 and 3 degree-of-freedom manipulators capable of fast and accurate
motion and that are dynamically responsive to external forces applied at the end-

effector.

More particularly, the present invention serves to reduce the number and
20 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 fo a farger diameter cylindrical driven member.

25 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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functionality can by 1 oca urement sensor
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degree- of -freedom posi ti oning and nmani pul ati ng apparatus is provided. The

apparatus i ncl \%Esngato the low friction and inertia of the moving members, the apparatus

15 can be manually positioned in order to contact the end-effector with desired
measurement points. The position of the point is then calculated by examining the
joint positions. This type of device is commonly known as a Coordinate Measuring
Machine (CMM), and its functionality can be achieved by locating angular

measurement sensors in place of the motors.

20 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

25 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

30 driven axis.
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ref erence ane r o.ther tatlon of the first driven nenber.
In accor dgﬁ?ct?%qﬁog}?oﬁ?éi rea(g%a@@p "YRE apparatus includes an arm fixedly

secured to the second driven nmenber.
According to still another aspect, the second mechanical rotary power

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

According to yet another aspect, the rotating component of the second
15 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
20 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.

25 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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20 According to another aspect, a three degree-of-freedom positioning and
manipulating apparatus includes a third driven 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
25 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

30 the third driven member by a cable means.
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apparatus. A measuring means is coupled to the first driven member.

To the accomplishment of the foregoing and related ends, the invention,
then, comprises the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in

20 detail certain illustrative embodiments of the invention. 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.

25
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-
30 freedom manipulator of prior art;



20detail certain illustrative enbodi nents of the invention. These
enbodi nents are indicative, however, of but a few of the _variqus ways in
whi ch t he Wi PHEIHI98% of the invention may be enpl oyed. OPR&UBH)BHEIE]
advant ages and novel features of the invention will become apparent from
the foll ow ng ahl he Pl i bR MRy i I n
conjunction w ?ﬁéf %gﬁg\r/\%ﬁﬁggﬁegg%?feg B?Daeszyﬁge}agﬂ fof t rﬁﬁ@égm@ﬁgg FIG 1
shows a hiagbonénd tr nenoeer@iadegr ee- of - f reedom mani pul ator of prior art;
FIG 2 shows a perspective view of a high performance 3 degree-of 30f reedom
mani pul at or of igr . art; WD 2008/ 141089PCT/. US2008/ 06306 I 3
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i nverfti on; IGEPGhosvssh 6RELIQN persper 2 dagrepaivitredgns masipwatasaffieedom
mani pul at gr r di l,nvention; FIG 7 shows a
perspecti \%ea%%g(\?\}hgftggh%% g&ﬁgé’- of - freedom mani pul ator of 10FIG 6 with the
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FIG. 6 shows a perspective view of a 3 degree-of-freedom manipulator

according to the invention;

F1G. 7 shows a perspective view of a 3 degree-of-freedom manipulafor of

10 F1G. 6 with the arms in an altered pose,;

FIG. 8 shows a side view of a 3 degree-of-freedom manipulator of FIG. 6

according to the invention;

FiG. 9 shows a section view of a 3 degree-of-freedom manipulator of FIG.

8 according to the invention.
15

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

20 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

25 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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prior art of FIG 1, drum 20 is_not conpl etelal_ circular, but only describes
a sector preferG@tinuirg o tafantcohkhabo, degm 20 is fixed to hub 65. Mounted on

bearings internal and concentric to the hub 65 is capstan 30. Capstan 30 is driven
15 by motor 60 and is coupled via cables 67 to drum 40. A slot is cut in the hub 65 to

provide clearance for drum 40 and to allow the cables 67 to pass through {o the

internally mounted capstan 30. The hub 65 serves the dual purpose of supporting

drum 20 and capstan 30, minimizing component count and mass.

In the prior art configuration shown in FIG. 1, distally mounted drum 40 is
20 offset both radially and axially from proximal drum 20. With drum 20 fabricated as
a partial cylinder in accordance with the present invention as exemplified 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.

25 Drum 40 is rotatably mounted to tink 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

30 capstan 30 will all turn about said common axis. Motor 60 can therefore drive



of a conplete circle. The arc Iength need only be | arge enough to neet the

t oachi eva ssary rotational range of the robot j, ating
drum 20 Q’Y(ﬁ?‘%’ﬁ 14ﬁ’§§e needed arc | ength reduces its massi (rjﬁb:z(r!l‘l:?('l? (6{?

al so permits inprovenents related to the nmounting of the second Iink.

Cont i nui ngrirm 4091n%pteﬁd&ht<§ thd-fosedsuA020 SLifk Xeshmber 80 ks fiked ipwet ed on
bearings internal and concentric to the hub 65 is capstan 30. Capstan 30 is

driven 15pgrinbeorofeuandOifer mouptied aniendeieesr eviadd drum 40. A slot is cut
in the hub 65 to provide clearance for drum40 and to allow the cables 67

Lo PSS LI oUg B e b REAR! buc TRUBHGHAAARSL A, Shectbe S cgrperves the

dual purpose of su port conponent

count and pm@sipulater wilte lgasi rnasgrieweegbrgonehtn mnshess bendikign ttie distally
nmount ed drum 40 is 20offset both radial IX and axi al I}/ from proxi mal drum
20. Wth PO fedainednadeacht o theyarionderof minpEe Wth the

present i Mg QIS fiERR) bLedel ol SR o 3l HUTANEAbdewunt ed wi th

only a radi ortens t di stance fromthe

st at i onar aveidimgl ttte tasdy frivtid0, and cowgiviasy ddsecsted witbasindg auhlhaewpmmm ng
structures and .reducin the| es 25Dr u S [ ably nounte

Ik e JENRTE SRATROSIS IS RS (PERIE b Roith 166 MG B0 tegS
mount ed a%nl@fdﬁic%@ed@é g RRid®, JArHRASFEMAHY Y 1§ KAPBoARaDEr 5. Hub
65 is concentrically fixe @o rmtogth@og. Ther ef o‘re gr um 20, Bgapstggn 30, and
nmot oro 60 ahdlicrivaaied accunabe poaikiosingf r ot ati on. When notor 50
causes drum 20 to rotate, link 70, drum 40, notor 60, and 30capstan 30 wl|

all turn about j IS, tor r ef :

2008/ 141089PCT/%%B@?@%@%%&?‘H%%”H%@6@?2%%%? O?E‘%e% Y6y Mountinadh,
Li nk menbeg a&%rt:{é‘rofanyeﬂsvéoaé RBoRErihFheSy 6od. idrtumeﬁ@arﬁggmanume dgtaininkngl
ef fector or tool hese i nprovenents over the prior art create a2

degr ee- of -‘f'@é’ééﬁﬂfﬁﬁéﬁrffﬁﬁcﬁrﬁmwnqp@@@et% refidif@ @SdBrPOAERESM @ind | ess

bendi ng i BslfiBn as in the SCARA, so it is made as a partial circular sector to minimize

15 mass and inertia.

For the 3 degree-of-freedom manipulator shown in FIGS. 6-9, components
10, 20, 22, 30, 40, 45, 50, 60, 65, 67, 70, and 80 perform the same functions as
their respective components described in the 2 degree-of-freedom configuration
of FIGS. 3-5.

20 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

25 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
30 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



5conponents. It retains the benefits fromthe prior art of mnimzing
inertia by mounting the relatively massive notors to a fi 2% ct ural
menber, V\/ry}l*'?émg‘%/%fﬂg?ng the mass, friction, and roughness%gl @Jgayﬂgé&ﬂ/ith
using auxiliary power transm ssion conponents to deliver torque to the

di stal |inipd dige Myl oBER Sa paRidieolnlirverire do S Hiskaigihk. TRisweldbés yet
be sufficiently stiff to support rapid tonotions and accurate positioning.

Thi s conf itheteguencgainedef mxatendetb pisat geyiteéyces. ThissdaropondieraLag it
to athird rqtary. drive, as.show in ELGS 6-9, I [ he
i stal || iReineret B BRu T Seel s i LalBobot Tt PRI tackuch
freedom offof Riatih@fadmd iRciRBedHRAMIs Pesdorisivarbe, as a partial circul ar
sector to mnimze 15nmass and ineéerti a. For the 3 degree-of-freedom

mani pul ator shown in FIGS. 6-9, conponents 10, 20, 22, 30, 40, 45, 50, 60,
65, 6%, 70, and-®UPRE Brietioraaher klincd.itbissd dediascpireedgyaderyess the

t j ot - af.z i td LGS, 3-5.
20The pri nRreT & oV DedingofiE e e dbasle s THOM GRR B P Bl L e

f L a][re rrerrtretai,gnbhﬁsie f@sﬁ.emelémbrﬁamemﬁm Laﬂgthaﬁmf][mﬁ;qbdrbmmm lrogonal
shaft 95 via brackets 72 and 75 (FIG  9). The sha 95 is mpunte nd

j our nal ed FWriensdalichpAiag pirveyr E@%Wg'%ﬁb%'dtw- 15&?%6]6&%8&?8?88@%@% 95 is
drum 90. o [ b i ingi tAk! 0 drum
20, Tand i o HrouaLs B BTREL3 i ARG bAboH 1¢ Sape SRS b BRol?, Ven
by not or SHiffvedsiasdcanoplrac. Vieas tcatguess 8&quicedolithed@otarst he sanme manner as
previously described for the other joints. As drum90 is driven, it causes

the shaft 95 a 2 degree-of -freedom mechani sm.t.o. ) .shaft 95
s, P ReTatente 85 FRSEARO MR p R FuBRSH MdRuR o are
posi ti onedar8Qslieg@dsyorat@ihra R it dirfct-ativera)le axtisation of gudn jomtt heir
inertia. Also note that when the rotational axis of the shaft 95 is

ori ented white BiTtingRg Sreobpnetis of @ rgsniesipoogdusiondpesnieLed 057 8Erabe 1
levels of force output with minimal inertia, and smooth, low friction motion in an

15 economical package.

Both the 2 degree-of-freedom apparatus of FIGS. 3-5 and the 3 degree-of-
freedom apparatus of FIGS. 6-9 can be implemented as a coordinate measuring
machine by replacing motors 50, 60, and in the case of the 3 degree-of-freedom
apparatus, motor 55, with angular measurement sensors. A precision probe

20 would be fixed at the 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
25 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.

10



and FIG 7, drum 20 acts as a partial counterweight to the distal Iink.
This reduces the torque required of notor 50 to offset gravity forces. This
makes nore torque avail able for the productive aspects of the nmanipul ator,
or allows a smaller notor for less inertia and increased dynam c

responsi veness. 5Conpared to the prior art of FIG 2, this 3

degr ee- of \Whead@BirRduses the mass of the noving conponents and | ocates
them cl oser to the perpendicular rotational axis for further inertia
reduction. Lengths of support nenbers are shortened, increasing structural
and torsional rA giddddree-bhRedReNBdkittoRingd bRl lidteappabats, cofpdsiabf ect or
to the fixed support 1s shortened, increasing the robot's tostiffness and
accuracy. Less tor .S..I i f the iy ) -~ These i nprovenents
are made while d F%@Fh?‘ﬁegwé&\glgp%u%%ou?ﬁrﬁFsth‘%ernl BrTart: 3
degrees-of-freedomw th short, direct-drive style actuation of each joint
whi | e mai nt ai nidhlyst drivepaisariier sogredytortha fshiidwanonemberifet josHingiseiddsl eves

practical dR¥8henerb8beabrBUrivBhbRism nimal inertia, and snooth, |ow
friction motion in an 15econom cal package. Both the 2

degree-of -freedom, apparatus of FIGS.  3-5.and the 3 degree-offr QI

appar at us of Fladg.k @S@B%ﬁﬁegg qo%%%ﬁ)tsgboa ﬁrgt %”‘@86'?%]1 58 eﬁet%ﬁ‘g%n"g&r}mchi ne
by repl acithgfirsbtioveh ra8mbé0aboahthei finsttdnigerc agie; of t he 3 degree- of -freedom
apparatus, notor 55, with angul ar neasurenent sensors. A precision probe

20woul d be fi xedsqlonkRevaNfherfbe RIRSHIY $huntdittolBR IPRERSHHEY, fwlﬁn?%tﬂﬁlztl ly

gui de the probe to a desired measurenent point. The coordinates of

poi nt ar e FFONH driven axipwithraihsrsioad dgven axds peneiply, parallel to 9qid frstigtivarhe
invention fas shgen shown and described with respect to certain preferred
enbodi nments, it is obvious that equivalents and nodifications 25w || occur

to others skilled in the art on t readi ng and under st andi ng of .t he
boeoi 1 oatton S aliatenbBubl d aEBoR o CHE R Rua AP EnBbihg

modi fi cat i fonstatmgdaidssdconi tevkronémbbyatidue ssid apeoref drivee akie] | owi ng cl ai ms.
What is clainmed is: 1. A two degree-of-freedom positioning and mani pul ati ng

apparat us, COMfk&hA%aidddvesint ¥ dARPaIFRIRRIacHPI AL 8L rdBAWN Bad;1 st driven

axis;

said first driven member is a sector of a generally cylindrical body; and

said second driven member comprises a generally cylindrical body or sector

thereof,

2. The apparatus of claim 1, wherein said first driven axis and said second driven

axis are offset and generally parallel.

3. 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.
4, The apparatus of claim 3, further including a fixed reference frame, and wherein
the first mechanical rotary power source is mounted stationary fo said fixed reference

frame,

5. The apparatus of claim 4, wherein the second mechanical rotary power source is

mounted stationary relative to the rotation of the first driven member.
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a first driver nmenber coupled to the first driven nenber for rotating said

first driven nenber about said first driven axis; a |link nmenber
fixedly connected to said first driven nenber so as to rotate with the
first driven nenber about the first driven axis; a second driven

menber rotatably nmounted to said |ink nmenber for rotating about a second
driven axigs, vxﬂtHe aﬁa@hﬁht@@@fmmmdx Wh@relratﬁe&o@@ng&@hb&nmwﬂhb&bc&m said first

driven axis; second driv me ou a drive point to
a5 4 SecoTeHBR e o BRReT T b PGB LY WtV Bl SHERgBMebout  sa d
second drirgRbveaid the rotbBiasedfihe fstldrilienveerpigernt 1S gener aI |y coincident with
said first driven axis; said first driven nenber is a sector of a generally
cylindrical body; and sai d second driven nenber conprises a

general |y Tyl i nihel dppardioclyf adimsE: dlirtier th@pegihg an arm Tkedlppgarad sapf ¢l aim 1,
wherein said first dr|v n axis and said second driven axis are offset and
generally’fﬁ?g#g@ﬁmr“§“ Fhe apparatus of claim1, wherein the first and
second driver nenbers each receive a respective rotary input froma

respectiv ni cal rot r squrce.. 4. The a aratu C

furtner bl udi T dteraincr LBt RneTalh 58 ret v anteeBPRF Raired by AEhRb i ca
rotary poveives wmimnbg anfhstablk reéais Oiagayd $evoadidevdri medberad es@nektof dane.

5. The appar wherei n t he second nmechani cal rotary power

{
source is ﬁ?ﬁ%ﬁ‘fér&i"e&'ﬁ?mhﬁ%&?’%ﬂ ?%‘?OQE:C\‘?BEG "B*4Ne rotation of the first driven

menber . 6. The apparatus of claim4, wherei n the rotating conponent of

t he secon nical rota 0 saur.ce | tata mounted to said

1 xed rof & ancol T4 anmerdS &f d/B Y Sinef@ Pt s ol PO SR eydl PSP G5 merber
7. The appateitais redpectivai motady input frdvara regpgative nreghaical ratafyi posdlr voseeured to
said second driven nenber. 8. The apparatus of claim1l, wherein said first
driver nmenber is coupled to said first driven nenber by a first cable neans
and said s‘ﬁbondﬂcér:iapmlramen‘b@ami@,fmmiwhr&ﬂhcﬁ@ 8 fxet! &M@zﬁtﬁéfcﬁrﬁamdm@'h aby a
second cabl ans atu n.the fi LS

second r MEMERDEpacr ol Rest BN ey BeRpURclet BrD Bl mop BT ad
respect i vefixed cbiardncalfranet rlzyive viae retatisrcef. the itk dive rapmpaeat us of claim 9,
further including a fixed reference frane, and wherein a rotating conponent
of each nechanical rotary power source is rotatably nounted to said fixed
ref erence fT.aneThebarates bbclhilve10, airateio Baidffirdtigivén axdd antdf saic secoativgiver

axis are generally coplanar.
12. A three degree-of-freedom positioning and manipulating apparatus, comprising:
a third driven member rotatable about a third driven axis;

a third driver member coupled to said third driven member for rotating said third

driven member about said third driven axis;

the apparatus of claim 1, mounted to said third driven member; wherein the
rotational axes of the said first and second driven axes are generally perpendicular to the

rotational axis of said third driven member.

13. The apparatus of claim 12, said third driven member comprising a generally

cylindrical body or sector thereof.

14. The apparatus of ¢laim 13 wherein said third driver member is coupled to said

third driven member by a cable means.
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11. The apparatus of claim 10, wherein said first driver axis and said
second driver axis are generally coplanar. 12. A three degree-of-freedom
positioning and mani pul ati ng apparatus, conprising: a third driven nenber
rotatable about a third driven axis; a third driver nenber coupled
to said third driven nenber for rotating said third driven nenber about

said thirdigiri vm@ﬁasatus of claim 12N @hafARERAY ﬂﬁetcsfecamalaﬁulhwdmw@t gﬂasto sal d
third driven nenber; rein the rotatio axes of the sai first
w SR

second dr i "Gesivetelary prut famdrsasve Beh &Y ROYer ARUTFST: & éﬁ?aﬁh'rgﬁf"éerbf
said thir ClaxﬁHp)aé@Qs fROWAT the bddies Sheai@RRBMAIH réthryCiciaMsddices Rir daldietOndlr i ven
nmenber co |§ ng_a %enerally cylindrical body or sector thereof. 14. The
appar at us r4 NS BXGherein said third driver member is coupled to said
third driven rrerrber by a cabl e neans. 15. The apparatus of claim 12,

wher ein sa* d fi second, and third driver axes receive rotary input from

respecti ve %ech %%a“?tB? 2k gaiBbite Fagéwfiﬁrévenaﬂﬂn?ﬂecoﬁmr'ﬁ'&g(?r‘? axi s

passes t hrguadticahsodyadiveg 0f arsahapeeshendeber ot ary power sources for said
second and third driver axes. 16. The apparatus of claim1l2, said third

driven menber conprising a partial cylindrical body having an arc-shaped
outer surfate. Ao déyrbwef-tegi@e nehshiieespardeasoriphgingppar at us,
conpri si ng: a first rotary drive conprising a generally cylindrica

first driven ”em%{r @gdﬂﬁg%}%@éin%ﬁa Q%I:néra@' ﬁJjn ﬁrrs%rt\f 'nrrﬁémgérja\ﬁ%r mérrber

said first driver el ng rot ut a |rst river axis an
coupl ed t og@arailyfcvimmca!raeamn flmtzdtbw mydrelpasbsaid Brshdiiven mefmbegibdingirptatabdiy | ver

renber 1 Otlies o R ulddcals S HETRIBAN PROHeRmCh St wHEIKF Rl R S O

first driver axis an rrven axis e|ng generally para
a second rfosfadrwedmevé)ec m@tes saif dird dijegremammber alydut adirstclivers sttt en

member a”ddrﬂr 6094 d M‘f%td'i’?éFP >€Is§ Qn&%[k?{:?r%‘ Y & a cylinder or sector

t her eof sal second érlver %ﬁpﬁg ro out a second driver

axi s and coupled to sal d second drlven rrerrbEfr l’f?{geby rotation of said
second driver neRBRINdIBRAt HieComPrelg GRFTEFAIY S iNERBIETECambHives BBl

driven axignd §§é(§bn&€tﬁ|0&dndmb&|e§ha®éu geAtrdinpad 8 c;ilefa@ndr sidtorenerast saiiei ng
general ly é)ar al | el the second driver menber is rot at ably

mount ed t o>%°N Hﬂve?rlr&%ﬂb?@ef’}%roﬁt’?%? apeyiActechatBRYer Pyls andeeuPgH Bt sa| d

second dri yond¥iifen memBef Whérebyl Fdtiifdn cPsaR RENE alihr PRGEHSY r&étéé%raaoﬁXI s
bei ng of f set ﬁg%ﬂMerall ara | el, and said sgcond driven axi

general | y P Uy arserQd Siveppisa 37id segond griver %5903?‘?‘1‘5 means

coupl ed tos@ahadﬁvérsgx;gibé|ﬁ§@eﬁ@gb5ppara@é1,d a second neasuring neans coupl ed
to said second driven nenber. 18. A three degree-of-freedom neasuring

apparatus, CONMPL}ShiGhe 3cbdHd divePh@hbefld! réftably mounted to a link fixed to the first

driver member for rotation about said second driver axis, said first driver axis and said
second driver axis being offset and generally parallel, and said second driven axis being

generally coincident with said first driver axis;
a first measuring means coupled to said first driven member; and

a second measuring means coupled to said second driven member.

18. A three degree-of-freedom measuring apparatus, comprising:
a third rotary drive;

said third rotary drive comprising a generally cylindrical or sector thereof third
driver member and a generally cylindrical third driven member, said third driver member

being rotatable about a third driver axis and coupled to said third driven member whereby

13



said third rotary drive conprising a generally cylindrical or sector
thereof third driver nenber and a generally cylindrical third driven
menber, said third driver nenber being rotatable about a third driver axis
and coupled to said third driven nenber whereby rotation of said third
driver menber rotates said third driven nenber about a third driven axis,

sai d thir doghtibly 8f saik thrdaifidesdb MbéviotAeLédiy eiivdaifiven RRinit@r eBaRzahiry dpagml | el ;
a 2 degree-of-freedom nmeasuri

ree , ng apparatus as in claim17, wherein
said 2 de@"é"ef’@fj-”F'F%%’Sﬁ?ﬁ%é@‘ég?‘aé*ﬁ)’&{)‘%&@a@d@ heinggsnerly PaiRkct ed to said
third driver nenber; whereby the rotational axis of said third driver
menber i s genera? dggpergiérdiauiraasuing dparauabs onddimakes of the rotary
drive nmenbers in said 2 degree-of-freedom nmeasuri ng apparatus a neasuring

neans coupl ed tyneraih@aldy 86hr8s o RBedBNRREsUY: appabGs eREAP cohndderdom
posi tioning and mani pul ati ng aratus, conprisi i.rst driven nenber

d na ap . | ng: a f
r ot at abl e SRshiird driyeriragmeper; whareRy the rotational axis qfisahthipd dtjvar masRssds coupl ed

to the firgdnefhilypemarBizbar td e rétaticHal BgbsSatitl fotdr§ ldride meptberEiRlzald 2bout sai d
first driven axis; | i nk menber fixedly connected to said first

a |
driven nerffgreessi-iredop PERsBORPPRAYSe first driven member about the first

driven axis; a second driven nenber rotatably nmounted to said link
menber for rota megsaingubheansseopied tasaiddnirdadiven menilbersai d second driven
axis generally parallel to said first driven axis; and a second

driver menber coupled at a drive point to said second driven nenber for
rotati ng stl.d sktendegieewéfreedompositdoing arshindnipalatngl apgparstes, @mgisingher ei n
said drive point is generally coincident with said first driven axis, and

sai d second driyeR: HREAGherhSerd8ReIR ho ARG RALeNEiE said first driven
menber. 20. A two degree-of-freedom positioning and mani pul ati ng appar at us,

i sing: fir dri nb bl.e .ab fi dri axis; .
ST st dri ver Srimbafver SR ogpien @ P fd Sgf RherissFoedle 4 8 ng sai
first drivérivenemndmaberabout sadiidt driveatax@dr i ven axi s;

a link member fixedly connected tfo said first driven member so as to rotate with

the first driven member about the first driven axis;

a second driven member rotatably mounted to said link member for rotating about
a second driven axis, with said second driven axis generally paralie! to said first driven

axis; and

a second driver member coupled at a drive point to said second driven member

for rotating said second driven member about said second driven axis,
wherein said drive point is generally coincident with said first driven axis, and

said second driven member is generally coplanar with said first driven member.

20. A two degree-of-freedom positioning and manipulating apparatus, comprising:
a first driven member rotatable about a first driven axis;

a first driver member coupled to the first driven member for rotating said first

driven member about said first driven axis;

a link member fixedly connected to said first driven member so as to rotate with

the first driven member about the first driven axis;
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a link menber fixedly connected to said first driven nenber so as to rotate
with the first driven nenber about the first driven axis; a second
driven nmenber rotatably nmounted to said |ink nenber for rotating about a
second driven axis, with said second driven axis generally parallel to said
first driven axis; a second driver nenber coupled at a drive point

to said second fgdosRA dARSAPEMbEF rotREIGY hitfinkRi t6 sERGIAR thethider €t roRIAG Bb@RoUt
said second driven axis, wherein said drive point is ggﬁeral_l%c I nci dent

wi th sai d 3 $9°890d gRYSresrig i, said second Grygneris 9enerflly ey &fis a
partial cydggadrical body having an arc-shaped outer surface; and
sai d second driven nenber conprises a generally cylindrical body or parti al

cylindrical bod i -S t rfac . .
degree-of -free o?ﬁh%}éé {&ﬁy%ﬁp%ﬁgﬂc@ﬁﬁ@ﬁi%%ldﬁp i ﬁg'hg%p%}da%cg n gh\\;\rr%} ringﬂtl)SF
first driVenrotetimpeseidrsecatdfivenabemnberaatfout sdid de¢ondrdrizgmn sxis, a first

driver nmenber coupled to the first driven nenber for rotating said first

driven nmember abutbinsaidirivepdint & datRPalRebmciddnt WilKsJ18 iRelrifde@;y connect ed
to said first driven nmenber; a Second driven nmenber rotatably

nounted to said |ink r..for rotatin bout. g .s nd, dr.iven _axi.s ith
said second dr i YereRE MaEfute moPha s Aba i ol BEALhAYY S aRsReethng
a second dsutsresurfareerizexd coupl ed at a drive point to said second driven
menber for rotating said second driven nmenber about said second driven

axis, wherein sajidlsgtond&rinen n\tenib%re&nsﬁs@slavgé‘r@mrgicqmacwBaa]y%%gmfai rst
driven axis, wherein said first driven menber is a sector of a generally

cyl i ndri catylindipal begdydhaving an arsghapededagsyiacéen menber conprises a
generally cylindrical body or sector thereof. 22. A three degree-of-freedom
posi tioning and mani pul ati ng apparat us, conpri si n%lz a first driven nenber

r ot at abl e dboutA#ve fegree@ffreedprppsaitioning and manipulating apparatus, comprising:

a first driven member rotatable about a first driven axis;

a first driver member coupled to the first driven member for rotating said first

driven member about said first driven axis;
a link member fixedly connected to said first driven member;

a second driven member rotatably mounted to said link member for rotating about
a second driven axis, with said second driven axis generally parallel {o said first driven

axis; and

a second driver member coupled at a drive point to said second driven member

for rotating said second driven member about said second driven axis,
wherein said drive point is generally coincident with said first driven axis,
wherein said first driven member is a sector of a generally cylindrical body; and

said second driven member comprises a generally cylindrical body or sector

thereof.

22, A three degree-of-freedom positioning and manipulating apparatus, comprising:

a first driven member rotatable about a first driven axis;
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a first driver nmenber coupled to the first driven nenber for rotating said

first driven nenber about said first driven axis; a |link nmenber
fixedly connected to said first driven nenber so as to rotate with the
first driven nenber about the first driven axis; a second driven

menber rotatably nmounted to said |ink nmenber for rotating about a second

driven axis, W4 first@ivir AReee clifia®d 18 fifst deReT MbinePfor Alttlg dard et d first
driven aXICf)';g{ﬁn a, second dré{ver nmenber coupled at a drive point to said

second dri mETRST aPBit saist I HYS8 87 second driven menber about said

second driven axis, wherein said drive point is generally coincident with
said first drivelnkaxesper fixedly conpedtéd tadsailt firgbdrivearmbemnberserdasdd rotateaniyh one  of

th_e i nk Q*ﬁ?srtdrldgh {an‘n%é? tﬂarut ﬁﬁ&%r'@% gg nenbers, or the first or second

driven rre ers an atab driven axis; and athird

driver menber cou led to said thlrd driven nmenber for rotating said third
driven menber ng griven mertper Fqtetahly aqunted to said linkypipleg ot réatng ekeional

axes of t F@sé@nd d&.\ré@&x@r\mtrﬁmg&o@hald\fﬁéh a8 gerdralgsitanakd yaidarspamgtcul ar
to the rotational axis of said third driven nenber, and said third

driven nen®Be¥ conprises a partial cylindrical body having an arc-shaped
outer surface.
a second driver member coupled at a drive point to said second driven member

for rotating said second driven member about said second driven axis, wherein said drive

point is generally coincident with said first driven axis;

a third driven member mounted to any one of the link member, the first or second
driver members, or the first or second driven members and rotatable about a third driven

axis: and

a third driver member coupled to said third driven member for rotating said third
driven member about said third driven axis,

wherein the rotational axes of the said first and second driven axes are generally

perpendicular to the rotational axis of said third driven member, and

said third driven member comprises a partial cylindrical body having an arc-
shaped outer surface.
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