- 1 - ROBOTIC ARM DRI VI NG MECHANI SM Field of the Invention 5 The
present invention relates to a robotic arm and in particular to a
robotic armstructure which is operable for positioning an
end-effector of the robotic armto performvarious functions. 10
Background and Prior Art Conventional Selective Conpliant
Articul at ed/ Assenbly Robot Arnms ( SCA in the market are driven

t hrough transm ssion systens, such as gear trains, belts-
and- pul | eys, chains and |inkages, which are used to transmt power
fromthe 15 drive notors to nove a |load carried by an end-effector

attached to the robotic arns. The notors are typically |l ocated at the
base of the robot structwme nmoved by the
transm ssion systens |linking the drive notor to the arns. 20

General ly, robotic arnms exhibit angular (0), vertical (Z) and radi al
(R noti onfieldofdhe yivention cal coordi nate system Angul ar notion refers
to rotation of the robotic armabout a vertical axis at the position
which thhe armis pivoted to the robot body. Vertical or Z notion
conpri ses VRéipresent Rivention efated td &eoliotibirncand M partibulacibes Abotc bama
base of the raobotic system Eafdl al or R notion denot ?Z extensi on or
25 retract SEHCWE: WRIGh 43 opefablediop preitianing AR Shdrefiegtar of dhes fabofig i tone
notion of LBgomNearRlubeGiclibnavhi ch is typically attached to a distal
end of the robotic arm The rotational notion of a radial notor may
be converted into linear notion of the end-effector to attain such

radi al qgot g% Equoﬂnoz%ﬁd Bhoredlg-effector in a robotic arm An arm
structure € ropotic armincludes either two or three |inks
pivotally connected to one another with an end-effector at the distal
end of the ] ' ral ' V. Qiilo IAHRA)Y |
nmounting p ahgé@kn%ﬂh%&%‘ﬁ%eﬁrg&agk hﬁ%”%%@%%%h‘% 5%1&2 ro Sa{§| ng A ve
wheel coaxthd market are driven through transmission systems, such as gear trains, belts-

and-pulleys, chains and linkages, which are used to transmit power from the

15 drive motors to move a load carried by an end-effector attached to the robotic
arms. The motors are typically located at the base of the robot structure, and the
robotic arms are moved by the transmission systems linking the drive motor to
the arms.

20 Generally, robotic arms exhibit angular (8), vertical (Z} and radial (R) motions in a
cylindrical coordinate system. Angular motion refers to rotation of the robotic arm
about a vertical axis at the position which the arm is pivoted to the robot body.
Vertical or Z motion comprises vertical elevation of the robotic arm with reference
to a base of the robotic system. Radial or R motion denotes extension or

25  retraction motion of the robotic arm resulting in a straight-line motion of the end-
effector which is typically attached to a distal end of the robotic arm. The
rotational motion of a radial motor may be converted into linear motion of the
end-effector to attain such radial motion.

30 US Patent Number 5,064,340 entitled “Precision Arm Mechanism” discloses an

arrangement of a pulley and transmission belt system to achieve radial motion of



5 with the pivoting of the proximal end of the proximal link. A drive
wheel arranged coaxially wth the pivot of the proximl end of the
proxi mal |ink causes the first and second links to pivot about their
pi vot axis. This pivoting causes the first link to pivot about its
proxi mal end and causes the end-effector to pivot in the two link
versi on and causes the second and third links to pivot about their
pivot axis in the 10three link versiont As such, the power froma
notor driver is not directly transmtted to a first pivot axis

pi voted togg é}f'ﬂséffé&fortlh% FobBeE | h?mar/m Eﬁn %trHEtQ?@ 8Rihe! foBktic BHh u‘lc?udes

transnmitted to a second pIVOt axis before it I1s transmtted back to
the first pithasttwaxardhies lmks pivotally cosneptest torane anatber with jam eng-effector

transm ssi 9 4 dICEnd B e RGP IHE OSHABSRRP HbBnkAt the ifbring®
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gearing ad}" {Iﬁ%h%ﬁn@éﬁpﬁ{&ﬁ%ﬁ@ eé'@togg}q? 6%% ml? he d?ggg‘&%gpirf%gieﬂ
this prior cemtuaugrrmtldthe/pm;zot dsfrthaginoﬁmﬁDem(ﬁbﬁtHeVmerr}abmgk exugasnthadirstel t
transm ssi on nmec m C the stru re of the ro arm
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Nunber 6, 7@9pibdlatit ité prstin éfreﬁﬂ%fnarca&mhéfehﬂ eff@Bto AGCHIVEINA &d A link
Appar at us For, Sem conductor Process, And Sem conductor Processin

Syst et 25"9’%&%@&3‘@9‘%?%9&9” ?F%H‘g@d@ﬁ? tepivet abgpt tgir piygt axis in the
transmqgsi fle@hit va¥dhem conprising a first nmotor stacked on top of a
second notor. A nmmin transm ssion which is part of the main driving
mechani smfor rotating and extending/retracting a robotic arm

connects the djfSthe rﬂ%ﬂﬁjafn‘lcgtﬁrtdﬁ\%rt@ kit Frafimitag 15 BRRE
s of P ed

The main transm 'ssi I Ses a palr gear | Spose
t he proxi makispivoderhtodd bam ofethelsollmuceianho afprtwhmal Ilnkkbut lS\transmmtgd b@at

Co s SR AU oL 6 oS LGN Bl LB,
the firlst poiximaltliokr @t simiaminenvsmissomotf powdriakes @lace from the second pivot
axis to the third pivot axis which brings about straight line movement of the
pivoting mounting place of the end-effector. A gearing housing may be located
intermediate the ends of the proximal link to provide a gearing adjustment. The
interconnected links of the robotic arm in this prior art are driven through a
20 relatively complex timing belt transmission mechanism which makes the structure
of the robotic arm complex. Therefore, accuracy and reliability may suffer.

US Patent Number 6,709,521 entitled “Transfer Apparatus And Accommaodating
Apparatus For Semiconductor Process, And Semiconductor Processing System”
25 discloses a simpler arrangement of a pulley and transmission belt system
comprising a first motor stacked on top of a second motor. A main transmission
which is part of the main driving mechanism for rotating and extending/refracting
a robotic arm connects the first motor and first to third links of the apparatus.
The main transmission comprises a pair of gear pulleys disposed at the proximal
30 and distal ends of each of the links. A timing belt extends between each pair of

the gear pulleys and coaxial shafts comprised in each link.



shaft which connects the notor to the first link. The main driving
mechanismtransmts this rotational driving force to the third link
or end-effector through an 5 el aborate arrangenent of gear pulleys
and timng belts. One shortcomng of this design is that the housing
of the first notor is conpletely enclosed and this apparatus does not
ensure that electrical and service lines that drive the notors do not
af fect the production environnent. EXi®rnal electrical cabling and
wiring to the notors may inhibit rotation of the robotic arm about a
360 angle and nay 10 introduce foreign matter or unwanted

obstructions caused by the exposed wiring. Furthernore, the first
link is joiThedirstdnk iredrivengliregit by thefirst metaitte vetpte whengthgridoter bmaea

shaft that _j I o) AR N tor. ! e
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structure which 1s operative to generate radial motion in the robotic
arm and r ofarthermere,oveaislutinkais ipiied. to thej rshimeteichy auelativelyflongand
i nvention [ r r | r t t as
conpar ed ttg%{1 Eng?éof?gg%% %?P%P n@r? @n ﬁchfhg hﬁ?chog%rngg%o@ggcﬁug'Si ng
i ncreased 8omplancacyrosnksnling doi theybending of theceimftdiiveyl the robrdic arm is

i nvention Rprovi i 15 el LYl

mechani sm {Bﬁ@ﬁé@fﬁ%@@g&f@@g#h%ﬁg@%@?ﬁ%?%loétoggﬁ%ﬁlgw résarg%ta\c’)#)ﬁgte Png
rot or H&i ngf theashiattinhgy malthetexdatily thelsamevas the degess efimiatios bifhe finshlinkg a
subst anti al hm&hcgl | ow 0?8{ r%l | ongi tudi nal axis; a first arm having
proxi mal adtthgigherengial dies"ands rigidiy 5 nounted on the rotor such
that the first armis drivable to rotate by the driving nmechanism a
second arm havi ng proximal and distal pivotal ends, the proxing|

pi votal end isthargiore; degiiablestordeyiseny r ?P‘E'Sta&'i"l %i’l@%ﬁé’&té%ag's tpachieve
proxi mal  pigyofebiréd thd®fl mdtn fbkriﬁlgale%{éﬁting afdir'h?[e gulle} Asd Bk traNsARsBh ed
coaxially onto the columar shaft; a second timng pulley spaced from
the fi 28t meshags@uysiRg onlicne metodte pahieke Tadipigneim mdighoglee ipiflersiat h
rotati on olgdignay Shinfibliba ftslicRal faith8ds Wi lascBHpBENEAY he first and
second timng pu ys that Is operative to rotate the second arm
relative to the first armas the first armis driven to rotate by the
driving megaﬁm bof (mv a the distal pivotal ends of the first and
second ar rrs—areairg]o'n‘ﬁu gt o always lie along a substantially
straight |ine.

g

25 It is thus an object of this invention to seek to provide an improved driving
mechanism for a robotic arm structure which is operative to generate radial
motion in the robotic arm and rotary motion about an axis. It is another object of
the invention to seek to provide a more compact robotic arm structure as
compared to the aforesaid prior art and which is capable of achieving increased

30 accuracy and reliability.



15 It woul d be convenient hereinafter to describe the invention in
greater detail by reference to the acconpanying draw ngs which
illustrate preferred enbodi nents of the invention. The particularity
of the drawi ngs and the related description is not to be understood
as superseding the generality of the broad identification of 20 the
I nvention as defined by the clains. O‘Prief Description of the

Dr awi ngs The present invention wlT"be readily appreciated by
reference to the detailed 25 description of the preferred enbodi nent

of the inv ' ' i i , i
OF Lhe VAR RIS A Ridi A CAIBRON St Adfint
havi ng a bawshamemainpludingla retoowhichtiemolataile abdut| & skatorotheareter being

di . ' d '
Fovent | og: coalalfy [duiabisPiFE G- GRS IR hafing |4 SubEEIL notow
FIG 1 il asntraldongijudiasgl eds; adirstammdiaving proximal &t distal pivotaends sigidiyi s;
FIG 3 Ls a sectjonal side vi of t botic m f,.ELlG 1
Chowi ngbt niuntas, S e RstoguthiitiaChe it AP Ridriale Tor3iE Bl dnd anfibe
FI G h4 I's mﬁasmih?nalsegbmtengm; daving pac;ximﬁlmﬁcbdielahpia_eﬂbaﬂmls_( trm:pmru]:xnlmg
to the secon ref erred enbodi nent, of .t resent ,i nyentio Wi
the. compon@Ot §nd e sREONd A Peing Piuotelly GonBedied der e, Proximal #o &
5 is an exph@dpdnhsintt ane Mkt tiMfg iRy rAeEREP CaBhi bftotAE Yoluartm
assenbly according to the first preferred enbodinment of the invention

showi ng” t hehafbisnsecond diming Bullsy spagedhisemrthe fitst Hming prley whichsis gevable e d
Descri ppi 0 AltateBgdtherl Gith FStafdHPOChEBUSarRE ahB % MingBeltddnnecting the
first and second timing pulleys that is operative to rotate the second arm ;elative
to the first arm as the first arm is driven to rotate by the driving mechanism, such
that the distal pivotal ends of the first and second arms are configured to always
lie along a substantially straight line.
15
It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate preferred embodiments
of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification of
20 the invention as defined by the claims.
0

Brief Description of the Drawings

The present invention will be readily appreciated by reference to the detailed
25 description of the preferred embodiment of the invention when considered with
the accompanying drawings, in which:

FIG. 1 is a perspective view of a robotic arm assembly having a base and a
plurality of interconnected links or arms according to the first preferred

30 embodiment of the present invention;



The preferred enbodi nents of the present invention wll be described
hereinafter with reference to the acconpanying drawings. 20 FIG 1 is
a perspective view of a robotic arm assenbly 10 having a base 12 and
a plurality of interconnected links or arns 14, 16, 18 according to
the first preferred enbodi nent of the present invention. Top covers
of the arnms 14, 16, 18 have been part%g]ly renoved to show respective
shoul der, el bow and wist pivots 20, 22, 24 connecting the |links. The
robotic armassenbly 10 has a 25 relatively stationary base 12 which

is fixedly Ut t @t (ﬂﬂ%t?th@; fand
about whi c rét)h% .§% wgl | ?@ %ffm%r@gaq%?ﬂga,%gf@b&gétﬂ?g? Trlle pl; ur\gﬁdly of
arns 14, 16]01@80&3@9110!}@&@@@!!a}lomg)alpkedlswth respect to one another via
the pivots 20, 22, 24. The first arm which in this enbodinment is a
shoul der 30arm 14, has proximal and distal pivotal ends and is
supported &G.i3® ajsecﬁiahalpidecuiah oéthe: raboticharns hsaeinbdy ofdrlGotl showimgdhé s
rot at abLe about The second arm which
in this enﬁB‘HP%Efws Pﬁﬂg% rﬁ?%@v '}%Q#ﬁ %é’fﬂ};ﬁ %S&EH@ proxi mal and di st al

pi votal ends and is rotatable about the el bow pivot 22 at its

pr oxi mal endvx/nrem IS, CO ctedtot e proxj mal pivotal
g of t he Pl acrectipri sie Vies St & FHa0S Afih asSeay ABroriins ta e sezond
end- ef f ect gfefén?ed émb@&ﬁfe@bbﬁtr%bﬁr%eﬁthﬁvéfﬂt‘bﬁtshbbﬁf@ the cfnpdhehtBeofdhst al

pi votal end of the el bow arm 16. di stance between the shoul der
and el bow pI®erd the base °§ihet4§§e‘ﬂ5‘|bl¥x?fﬂr$| and di stal ends of the
shoul dgg arm 14 is preferably substantially equal to the distance

bet ween the el bow and the wist pivots 22, 24 at the proxinal and
di stal end&IGf 5tipcarciespiaded midesviewhel Hieomater assembly ofrihe rakotisi BEMy

arm 16 are ﬁﬂé”ﬁ

end- ef f ect gs’ée?@ofa‘é%ﬁggl : %fﬁﬁ%@g}%\gﬁ%gmt ofg)tgégﬂf%éfbgngﬁlﬁmng
pr ef er abl ythmmanemmniotlhnta opadawveior agd an&® mo®xanpl es of processing
tools that may be

15  Defailed Description of the Preferred Embodiments of the [nvention

The preferred embodiments of the present invention will be described hereinafter
with reference to the accompanying drawings.

20 FIG. 1is a perspective view of a robotic arm assembly 10 having a base 12 and
a plurality of interconnected links or arms 14, 16, 18 according to the first
preferred embodiment of the present invention. Top covers of the arms 14, 16,
18 have been partially removed to show respective shoulder, eibow and wrist
pivots 20, 22, 24 connecting the links. The robotic arm assembly 10 has a

25 relatively stationary base 12 which is fixedly mounted onto a stationary support
surface (not shown) and about which the plurality of arms 14, 16, 18 rotate.

The plurality of arms 14, 16, 18 are rotatably coupled with respect to one another
via the pivots 20, 22, 24. The first arm, which in this embodiment is a shoulder
30 arm 14, has proximal and distai pivotal ends and is supported at its distal pivotal
end at the shoulder pivot 20 and is rotatable about the shoulder pivot 20. The



nounted to the end-effector 18 are a wafer holder or a pick-and-place
tool, which 15 may even be configured to follow a different axis of
notion fromthe shoul der and el bow arns 14, 16, if necessary. FIG 2
is a top view of the robotic armassenbly 10 of FIG 1 illustrating
radi al notion of the end-effector 18 along an x-axis. Radial or R
notion of the end- 20 effector 18 refers to the end-effector
travelling along a substantially straight |line that passes through a
center of the shoul der pivot 20 connecting the base 12 and the

sﬂoul der aﬁéﬁohﬂ-arﬂ_Pthl%hlﬁn m@eﬂnR b@dlnfehﬂs%irr]\re’iﬁcgflﬁmh Heealszsh%mp@kimw ah@®
the x-axis reali ze lon, the rel ati et we t
el a5 or Histal Biyothendnan Baptampie,shiut e ebgifivel A7 2b e A PO <
pref er abl yeAg wihd @118 ‘corfectedta? the proxitiat leendChidpecshealdehars ange

in the angle between the el bow arm 16 an he 30 end-effector 18

whi ch i s allhgtue aim i thedosn gt ag end-effector é% it FtataplgARouf fer widst pidt o
bet weengt hg, gk t%laél%téfleﬁﬂ%fttﬁl@ efal QPMH@ 1¢he amarﬁee BERERShé he

change I'n ?he angl e ween e shou arm 14 or the el bow arm 16
and the x- shoulder-anghglisow pivatsr20, 122, attthﬁapnoatmai aad distal er@lsalﬂhﬁeehoulder
rotational arm
o thus 2: 2 adan rsaRBpPuBRRaf) Sl the BSRACE selviainpiMAEEhd 1)
at the shotl'led.emstnumottﬁ 22,(24aatcthe tpeoxﬂnaltaﬂd istabermis afrible efbowramel®olhar m

16 at the V\ﬂ;gﬁéerparr\ﬁoh HeCel60 B 465 e LR Tl bPsistiafl equal

subst ant i af
10 length.

The end-effector 18 is located furthest away from the base 12 and is preferably
mounted with a processing tool. Examples of processing tools that may be
mounted to the end-effector 18 are a wafer holder or a pick-and-place tool, which

15 may even be configured to follow a different axis of motion from the shoulder and
elbow arms 14, 16, if necessary.

FIG. 2 is a top view of the robotic arm assembly 10 of FIG. 1 illustrating radial
motion of the end-effector 18 along an x-axis. Radial or R motion of the end-

20 effector 18 refers to the end-effector travelling along a substantially straight line
that passes through a center of the shoulder pivot 20 connecting the base 12 and
the shoulder arm 14. In this example, the straight line is parallel to the x-axis.

To realize R motion, the relationship between the angles formed by the shoulder
25 arm 14, elbow arm 16 and x-axis is preferably as follows:
A8 = AP
Ao =-ABR
where A8 denotes the change in the angle between the elbow arm 16 and the
30 end-effector 18 which is aligned with the x-axis; AP denotes the change in the
angle between the shoulder arm 14 and the elbow arm 16; and Aa denotes the
change in the angle between the shoulder arm 14 or the elbow arm 16 and the x-



5straight line (the x-axis in this exanple). FIG 3 is a sectional
side view of the robotic armassenbly 10 of FIG 1 show ng the
conponents of the arns 14, 16, 18 and the base 12 of the assenbly 10.
A notor assenbly 54 |ocated at the base 12 of the robotic arm
assenbly 10 10 conprises a first direct drive notor assenbly or
driving nmechani sm nounted onto a secong direct drive notor assenbly.
The first direct drive notor assenbly,” such as R notor 28, includes
an R notor rotor 38 that is rotatable relative to an R notor stator

40, which gyer @ehdfalyhfe '?atfHJéfQﬁe Fedtive r@l%tloﬂ_é] @pEedbi Ak eibbw)érrr?’% Wﬁh

also rotatable relative to a caolumar or coupling shaft
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end- ef f ect Or y coup totheRm)tor 28 via the el bow
arm 16 and the shoul der arm 2014. The second direct drive notor

assenbly o | ver ated e base boti.c arm
Secontl ) TEIC X S8hoRR Gl VighBr e Rbelic B Bceriiin b ot iFe 1 Biafo
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stator 32. The T nptor rotor 34 is npunted onto a universal col umar

shaft or Tarscend giael drie matar assemblya o drsiislivest Atven BlotelRsEemblal
| ongi t udi ng{iciAad R motbe28! ifBRides anat fotctdolod 3 MH ISR tatable relative to an R

motor stator 40, which surrounds the R motor rotor 38. The R motor rotor 38 is

also rotatable relative to a columnar shaft or coupling shaft 30, which is relatively
15 stationary. A first timing puliey 42 is mounted at the distal pivotal end of the

shoulder arm 14 on top of and coaxial with the coupling shaft 30. The R motor

28 generates R motion of the end-effector 18 that is observable as linear motion

of the end-effector 18 towards or away from the base 12. The end-effector 18 is

indirectly coupled to the R motor 28 via the elbow arm 16 and the shoulder arm
20 14,

The second direct drive motor assembly or universal motor located at the base
12 of the robotic arm assembly 10, such as T motor 26, is located co-axially with
the R moter 28 and generates universal rotary motion of the robotic arm
25 assembly 10. In the first preferred embodiment, the R motor 28 and coupling
shaft 30 are mounted onto the T motor 26. The T motor 26 comprises a T motor
rotor 34 which is rotatable relative to a T motor stator 32. The T motor rotor 34 is
mounted onto a universal columnar shaft or T motor shaft 36, which has a
substantially hollow central longitudinal axis. The T motor rotor 34 is mounted
30 directly onto the side walls of the T motor shaft 36 and is surrounded by the T
motor stator 32. The T motor 26 rotates the T motor shaft 36 about an S axis of



30 directly onto the side walls of the T notor shaft 36 and is
surrounded by the T notor stator 32. The T notor 26 rotates the T
notor shaft 36 about an S axis of - 8 - the shoulder arm14 to
generate universal rotational notion of the R notor 28, coupling
shaft 30, shoulder arm 14, el bow arm 16 and the end-effector 18
concurrently. 5The coupling shaft 30n&§ substantially holl ow al ong
its central |ogitudinal axis, which es it lightweight and all ows
el ectrical and service lines 49 such as electrical cables and wrings
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as in the Qﬁh&ﬁmﬁ%$ whi ch may obstruct the free rotary notion of the
robotic armassenbly 10 and which may al so introduce foreign matter

or even interfere with the production environnent. Moreover, there is
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The hollow central longitudinal axis of the coupllng shaft 30 also reduces the
weight of the assembly.

20 The R motor 28 rotates the R motor rotor 38, and the shoulder arm 14 mounted
on the R motor rotor 38 at the shoulder pivot 20 about the S axis to generate R
motion such that the shoulder arm 14, elbow arm 16 and the end-effector 18 are
all made to rotate relative to one another by the transmission system. Vertical or
Z motion of the robotic arm is possible by elevating or lowering the shoulder arm

25 14, the elbow arm 16 and the end-effector 18 along the S axis using a Z motor

(not shown).

The shoulder arm 14 is directly driven by the R motor 28. The elbow arm 16 is
driven by the R motor 28 to rotate relative to the shoulder arm 14 through a first
30 timing belt 44 such that the angle between the shoulder arm 14 and the elbow
arm 16 is always maintained at twice that of the angle between the shouider arm



-9- 14 or the elbow arm 16 and the substantially straight |ine
(x-axis). The end-effector 18 is driven by the R notor 28 through the
first timng belt 44 as well as a second timng belt 52 such that the
angl e between the el bow arm 16 and the end-effector 18 aligned al ong
the x-axis is maintained to be the sane as the 5 angl e between the
shoul der arm 14 and the x-axis. The acjuation of the R notion is now
described in greater detail. The R notdor rotor 38 rotates and turns
the adjoi ning shoul der arm 14 which rotates the first timng belt 44

that is woyadhrathe Wb emf 16 %hd tthénsugstahlﬁdu%tﬁ?gh@mﬁe qx%se@ﬁndrﬁel @ﬁcng
10 pulley 46 spaced fromthe first timng are all

housed in pﬁ@ctghiﬁnmweabmtw mofer 28 V%QUth tFﬁ" ﬁ@t b@!ftg bedt 44aopel as pve
to rotate Gheyd Rt 39 sath U 16l BAkeleRber? DB Ath FoAatthe

relative to arm 14. This turn rotates a second timng
belt 52 thandﬁﬁevtouﬁa aligoech @langi the >eands fig raimtainedita peptiiel sarae 48,thg0.

The thi gd an fb%*w%&athégh%gmr}neyéa@mteh e located at 15

respectve proxi ma ends 0 bow arm 16, wherein the
third pulley 48 is coaxial with the second tlm'ng puIIey 46. The

el bow arm r a to. t ffec bpu W a

at a wist Jrg? a([%h'@h&iﬁgﬁ hdﬁﬁﬁm&s@e’% geﬁ' 3@ ] %eaf%tfir P hﬁ‘? ﬁg fﬂ d ey
50 turns tmoleasifﬂa&s@frfdlemtnﬁthkﬁadj@hmgIs‘heult:ier bing 1a|\blﬂwh wtme%&hetf'rsﬁhe
wri st pivo.24. ult of this, tr sSi on ces t the
ot at i onal g balt G fhs o g aspu e Pl € Sikaptead tohe e
end- ef fjgct PDIIe&&@%{éaéé’tﬁﬁbﬁbﬂf@ ﬁrsﬂ&lmlr@(b@ll@&@rwﬁl@h rR&taH Rded iA the
substanti a Iy straight line arallel to the x-axis in this

exanpl e. AS ?Wr@rﬂ%sﬁ‘i‘%ﬁﬁsﬁ)ﬁmf@ ?Q\‘fﬁfﬁéﬁﬁeﬁ}% tpyotateringietpays ange1p

and pul | ey apiatetitw bﬁbtr@ oout BG'@aﬁ@réFatﬁB‘l@fhe%oh%ﬁéﬁﬁi 131 Thf%‘in hase
12 of the robotic arm structure. his manner, R notion of the

roboti c ar Fetaies ehsegontotimingebat I5§ tH@HSe‘O’Q'HFCb 3£Fﬁﬁnﬁglhtﬁﬁl%ﬂdaf°§ﬂhd!f@"9?
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shoul d be i ated that the axes notion o ree arns 14,
16, 3018 | respectivsl praxmal and digtab epdeokthatsibovsains 1 Srwherginthe Mied pulleyt o

one anot helg is coaxial with the second timing pulley 46.

The elbow arm 18 rotates relative to the end-effector 18 about a W axis at a wrist

of the robotic arm assembly 10 as the fourth timing puiley 50 turns the end-
20 effector 18 relative to the elbow arm 16 at the wrist pivot 24. The result of this

transmission process is that the rotational action of the R motor 28 is ultimately

transmitted to the end-effector 18 and the robotic arm extends or retracts along a

substantially straight line, which is parallel to the x-axis in this example. A simple

transmission is thus realized by a train of belt and pulley systems using a single
25 R motor 28 located at the base 12 of the robotic arm structure.

In this manner, R motion of the robotic arm assembly 10 is easily achievable

using only a single R motor and a simple arrangement of transmission belts and

pulleys. It should be appreciated that the axes of motion of the three arms 14, 16,
30 18 lie on planes that are preferably substantially parallel to one another.



- 10 - FIG 4 is a sectional side view of a robotic armassenbly 10
according to the second preferred enbodi mrent of the present invention
showi ng the conponents of the arns 14, 16, 18 and the base 12 of the
assenbly 10'. The universal motor, or T notor 26, is |ocated at the
base 12 on which the shoulder arm 14 is nmounted 5 and the driving
mechani sm such as an R notor 28', isﬂéocated coaxially wth the E
axis at the elbow pivot 22. In this énbddinent, the first armis the
el bow arm 16 and the second armis the shoulder arm 14, and they are

connected giGtHe¢s 8ld2etbri ‘é% \zgw'o@%ato%gt.@tanhfh%sahew {3 lacBbrdm P% tﬁ@ds

of the shoulder arm 14 and the el bow arm 16. The base 12 is lNocat ed
at the di ssesongirelerred ambagimentef e piegenionention shewingl the companants

The R ot oty #8 arh@TR! 16,98, £t 1Re BRLO12 P Y as3BmbRnth 2 n&uTRERGI bRk O"
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bel t 34 t bmbwl [ﬁvotmmldc@té@lanﬂtd p@ximal Pivotal rendg owtel siyoukder smch Aand
secon t| timn

In t dj t,. irst 2
oy 46 TReibe 2l 165 e phend Zis TatedAdne isla) Siolal Si Sh et ABCRNC
not or 28’ . afier shdutdertavidi 129 Thel Ik S6tetE8’ eHfpAREUIOR dtbM@tdy@B! &yd 47’
and the flrst timng helt 44', are all housed in the second arm or

shoul der afrfater SWF% 40} Ehe Rimgterolns|38 is4otafable; felative e aselumiar haft ng
pull ey 42' oabot.;mﬁ sdhaﬂlsberwmbwqé raet.@tgpgtanbnays m@ ao@annbt%a&tw'@er

arm 14 which then rotates the shoulder arm 14 relative to the base
2512. As t fieedy eayplad todhe gfhiquldes afrfAid4f i rst arm or el bow arm 16, a
third pulley 50° on the end-effector 18 rotates a second tim ng belt
52", which is also wound around a fourth timng pulley 48 . The

f our t h1%i nThe retatianegf the R ngtor@8'rdrives dire elbawdnins1B3gkiohis mbunted Iontth@

coupl | ng._SRAhbroP fotor I8 ickBly :QSL bR Bt Holot e hta E‘QQbS&‘tﬁé B L5

pul l ey 48" are | ocated a r OXI Ima Il Vot'a end
of the el botaticeahtribfion 'ﬁneherﬁdnmtdrezﬁ caisdl 8rivesr aé‘rstetirarhg \wllepttshen & bow
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t he el %)W P ll't'lYn%t pu%l 48 |s?ocatet.-d %}196 Itﬁ/e Era%]ssgptc} is coagﬂca)tl \Fm h tt'?enﬂ neit];t];re Séor
The first timing pulley 46’ and second timing pulley 42, and the first timing belt
44’ are all housed in the second arm or shoulder arm 14. The first timing belt 44’
rotates the second timing pulley 42’ at the shoulder pivot 20 about the S axis of
the shoulder arm 14 which then rotates the shoulder arm 14 relative to the base
25 12

As the R motor 28’ drives the first arm or elbow arm 16, a third pulley 50’ on the
end-effector 18 rotates a second timing belt 52, which is alsoc wound around a
fourth timing pulley 48'. The fourth timing pulley 48’ is mounted onto and is
30 coaxial with the coupling shaft 39°. The third timing pulley 50" and fourth timing
pulley 48' are located at respective distal and proximal pivotal ends of the elbow



5 and the shoulder arm 14 such that the end-effector 18 of the
robotic arm 10' extends or retracts along a straight line. The second
direct drive notor assenbly or T notor 26 |ocated at the base 12 of
the robotic arm assenbly 10' generates universal rotary notion of the
robotic arm 10 assenbly 10'. In the second preferred enbodi nent, the
T notor 26 conprises a T notor rotor i which is rotatable relative
to a T notor stator 32. The T notor rotor 34 is nounted onto a

uni versal columar shaft or T notor shaft 36, which has a

subst ant i aktny 180IThewnaastetr 18 dives relghivesto tﬁé‘ bﬁ)owT:hm 16 BdLARhE VI Q%is 34
i S nmount ed dlrectlgontothe side walls of the not or shaft 36 and

i s surr oundéeagpird §mingpufleygPdurmethe SPd‘Sﬁe"tq‘h33 G‘I”H%M'lst RIBOLZS: dp &S t he
T notor Shﬁfak #@ t?é?ﬁ%sstlé}? céé@ peitst ke rehabhaledctioh Br e Whirlori 28

nmounted on the T notor gnerate uni versal rotational notion of
t he shoul dicatedrat the etbomwt to be ulligately fransmitlad to Mee endreffesteciBr

18 conc I Y | e hi n
the centr af Tl ey e FRmARC e 1 Bn SER G ord it B e B B 10
el bow ar m ggtehds o netracts plangiasiraidhy linde R notor 28', the end-effector
18 is driven by the R notor 28 through the second timng belt 52
such that the angle between the el bow arm 16 and the end-effector 18
al i gned al Thg setmnddirect drivesmbtir fassdmably of TtrhetonR6 llecabeet attba bhake 12 of
shoul der aim 14 and the e

ari ven' by FReope st Semebr 1l BErRaRs wiveese b fuctie & RroboliSam nat
the angbe agéemmm hen stiwosdodad preferrdd embddiiiant, th@ YiRotos 26 kLesmphigdsf a of
e 0 e e e ShRH BBty o Vet T D, e e o
the R not Ofot&834 &t mbikgted ontd & unRrettal b&ﬁhﬂhb’sﬁa’fﬁaﬁmrﬁdtéﬂsﬁéﬁ 8é1awhich
end-effector 18 and shoul der arm 14 using a
has a substantially hollow central longitudinal axis. The T motor rotor 34 is
mounted directly onto the side walls of the T motor shaft 36 and is surrounded by
15 the T motor stator 32. The T motor 26 rotates the T motor shaft 36 about the S
axis of the shoulder arm 14 which is mounted on the T motor 26 to generate
universal rotational motion of the shoulder arm 14, R motor 28, elbow arm 16
and the end-effector 18 concurrently. Electrical and service lines 49 may be
housed within the central longitudinal axis of the T motor shaft 36.
20
While the elbow arm 16 is directly driven by the R motor 28’, the end-effector 18
is driven by the R motor 28’ through the second timing belt 52’ such that the
angle between the elbow arm 16 and the end-effector 18 aligned along the x-axis
is half that of the angle between the shoulder arm 14 and the elbow arm 16. The
25 shoulder arm 14 is driven by the R motor 28’ through the first timing belt 44 such
that the angle between the shoulder arm 14 and the x-axis is also half of the
angle between the shoulder arm 14 and the elbow arm 16. The result of this
transmission process is that the rotational action of the R motor 28’ at the E axis
is ultimately transmitted to the end-effector 18 and shoulder arm 14 using a
30 simple transmission system realized by a train of belts and pulleys system

provided by a single R motor 28’ located at the E axis of the robotic arm structure.



30 sinple transm ssion systemrealized by a train of belts and
pul | eys system provided by a single R notor 28 |ocated at the E axis
of the robotic armstructure. - 12 - Another advantage of this
enbodi nent is that the R notor 28 is located closer to the
end-effector 18 than in the first preferred enbodi nent, which results
I n increased accuracy and controllab[lbty of the end-effector 18. 5
FIG 5 is an expl oded side view of thé nmot or assenbly 54 of the
robotic arm assenbly 10 according to the first preferred enbodi nent

of the i nvemothen agltmtadidofithie eifticdikéeiROmaiihe RmotdresTisTBéRsd dbsane
the R notor 28. The R motor 28 is coupled to the T notor 26 by the
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30, shoulder arm 16 and the other arnms of the robotic arm assenbly 10

about the S axis. A T notor housing 29 houses the T notor stator 32,
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optical enéStRR X R not or encoder head 47 and a T notor
encoder scale

A T motor housing 29 houses the T motor stator 32, T motor rotor 34 and T
motor shaft 36. It also houses other parts of the T motor 26, including a T motor
15 bearing 31, a T motor bearing flange 35 and a T rotary motor encoder 50. The T
rotary motor encoder 50 helps to determine a rotary position of the robotic arm
assembly 10. An R motor housing 39 houses the R motor rotor 38 and the R
motor stator 40. It also houses an R motor bearing 41, an R motor bearing
flange 45 and an R rotary motor encoder 52.
20
The T and R rotary optical encoders 50, 52 of the T and R motors 26, 28 are
positional measurement apparatus. The T rotary optical encoder 50 comprises a
T motor encoder head 37 and a T motor encoder scale 33, The R rotary optical
encoder 52 comprises an R motor encoder head 47 and a T motor encoder scale
25 43. The encoders may be located next to the motor shaft 36 and the coupling
shaft 30. An encoder scale defines angular positions whereas an encoder head
ascertains an angular disposition of the robotic arm. The encoder scales have
an annular track disposed around a surface concentric with the longitudinal S-
axis at the shoulder pivot 20. The encoder head may be supported by an
30 encoder mount and disposed at a relatively short distance from the encoder
scale to read the encoder scale and optically sense the angular disposition of the



25 43. The encoders nmay be |ocated next to the notor shaft 36 and the
coupling shaft 30. An encoder scal e defines angul ar positions whereas
an encoder head ascertains an angul ar di sposition of the robotic arm
The encoder scal es have an annul ar track di sposed around a surface
concentric with the longitudinal S axis at the shoul der pivot 20.
The encoder head may be supported by_q .30 encoder nount and di sposed
at a relatively short distance fromthé& encoder scale to read the
encoder scale and optically sense the angul ar disposition of the -

13 - rotat irpgtied8hdfs 38,3030at et adiatingahe abiolig drearddih@tdfsreadsteRsif
t herefore ascert ai th&i rogﬁtr% di sposition of the shoul der arm 14.
Al t hough a thefolary CETHDF an o ehauldes ara W nAlthosigh iaywtary ioptict srcedase

appr eci at egs tapdin Uedefibddy AE ShBhidPeS iédpgéﬁ’é_teﬂﬁﬁét%@t@? HpAP BRRk#SRal

such as a magnetic encoder, may be used with the 5 present invention.
The T not oMmeAsHIaMENS appaiptus Sugh|ag a inagnetic eneedsT, Bmayobe geed with the

cyl i ndrigcal MGerdfWnted with the T nmotor rotor 34 of the T notor
drive agseﬁ{)‘ﬁ?ﬁgé dﬁ?e T nmotor rotor 34 is surrounded by the T-notor

stator 32, which coaxially receives 10 the T notor rotor 34 and T
oo Sl Ch e S et AL, K08 ik Bt e
30 al so commatntssswith Hind Tomvotoy Iroted Bdcefl the | Te enatorvdirivie assernrdihd 26 0ufieeT t o
e L B Bl b TSI S s Bl e
r espectiove tishfhtctor36tor3@ dnd T mdtarishaR36. The R motor 28 is mounted on top of
the T motor shaft 36 via the coupling shaft 30. As described above, the coupling
shaft 30 also comprises a hollow cylindrical sleeve with one end coupled to the
timing pulley 42 which turns the timing belt 44. The hollow centers of the T motor
shaft 36 and coupling shaft 30 allow the respective shafts 36, 30 to contain and
15 enclose electrical or service lines 49 for the robotic arm assembly 10 so that they
are not exposed to the production environment. As the electrical wiring is
contained within the hollow shafts, another advantage is that T rotation of the
robotic arm throughout a 360° angle is also possible without interference by
exposed electrical or service lines.
20
The T motor bearing 31 and the R motor bearing 41, which may both be in the
form of cross-roller bearings, rotatably support the turning T motor shaft 36 and R
motor rotor 38 respectively. The bearings 31, 41 may be supported and kept in
position by the T motor bearing flange 35 and the R motor bearing flange 45
25 respectively located immediately above the bearings 31, 41. The bearing flanges
35, 45 may each include an inner flange portion for supporting a movable inner
portion of the bearings 31, 41 against the motor shaft 36 and the coupling shaft
30, and an outer flange portion for supporting an outer portion of the bearings 31,
41,
30



15 encl ose electrical or service lines 49 for the robotic arm
assenbly 10 so that they are not exposed to the production
environnent. As the electrical wiring is contained within the holl ow
shafts, another advantage is that T rotation of the robotic arm

t hroughout a 360 angle is al so possible without interference by
exposed electrical or service lines. 2Q The T notor bearing 31 and
the R notor bearing 41, which may both be in the formof cross-roller
bearings, rotatably support the turning T notor shaft 36 and R notor
rotor 38 r disgheold beehppredibiediiRatithe grefdited drhbogisneh®s cfuhe prasedt avehtioapt
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a holl ow columar shaft; 5a driving nmechanismincluding a rotor and a
stator, the rotor being rotatable relative to the stator, and the
rotor defining an interior coaxial space in which to coaxially
receive the holl ow columar shaft, so that the rotor is coaxially

rotatabl e around the col umar shaft; first arm having proxi mal and
di stal pivotal ends rigidly nmounted on’the 10rotor such that the
first armis drivable to rotate by the driving nechani sm a

second ar nppgyidg proxi nal and distal pivotal ends, the proxinal
pi vot al en‘dTrA—r'he second arm being pivotally connected to the

proxi mal pivotal end of the first arm a first timng pulley nounted

coaxially pnt O%E%DEQA%P%M%- prilrss‘}ﬁ%second timng pulley spaced

fromthe first timng rivable to rotate together
with rotation @hdihe colunstarshait; and a timng belt connecting

the first and se tim .l . 1 hat i rati t.o.r te.the
second SZr mrel a ?@Qﬁg oh?%@fﬁs'baé@ﬂbag rtotloz ?’?aras tst'ia\r{‘ﬁq’ itge Jrglio\?eﬁe'bg
rotate by rotetalsle irelatig tovetbé atdatenmand tlnd ratbiadefiniey ah Btexdor goadtladpaends of
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i n cl ai m Irptdtablé Benundangeolsmngr shafiel ati vel y stationary base, about

which the fi rSta fﬁ?tdar%eﬁgﬂgg %Foq(?marlogn%t t%'sta?givotal ends rigidly mounted on the
10  rotor such that the first arm is drivable to rotate by the driving mechanism;

a second arm having proximal and distal pivotal ends, the proximal pivotal
end of the second arm being pivotally connected to the proximal pivotal end of
the first arm;

a first timing pulley mounted coaxially onto the columnar shatt;

15 a second timing pulley spaced from the first timing pulley which is drivable
to rotate together with rotation of the first arm; and

a timing belt connecting the first and second timing pulleys that is
operative to rotate the second arm relative to the first arm as the first arm is
driven to rotate by the driving mechanism, such that the distal pivotal ends of the

20 first and second arms are configured to always lie along a substantially straight

line.

2. The robotic arm assembly as claimed in claim 1, further comprising a
relatively stationary base, about which the first and second arms rotate.

25
3. The robotic arm assembly as claimed in claim 2, wherein the driving

mechanism is located at the base.

4, The robotic arm assembly as claimed in claim 3, wherein the first and
30 second timing pulleys are housed in the first arm, and the second timing pulley is

located at the proximal pivotal end of the first arm.



3. The robotic armassenbly as clainmed in claim?2, wherein the
driving nechanismis |l ocated at the base. 4. The robotic arm
assenbly as clainmed in claim3, wherein the first and 30second tim ng
pul |l eys are housed in the first arm and the second timng pulley is
| ocated at the proxinmal pivotal end of the first arm -16- 5. The
robotic armassenbly as clainmed in clalm4, further conprising an
end-effector |ocated at the distal pivotal end of the second arm 6.

The robotig ar mh@sr%gsfﬁeoxnﬁ%sgéabﬁgé’spE@;rﬁé@hﬁ@rﬁr4,%@r‘héﬂc%mgrlémdﬁsﬁ 5

conprising third an urth tim eys cated at respective
proxi mal aang-effesterllogatecbatdhe distid piybtal Bad sbihersgcante@mnhd a tim ng bel t
connecting them wherein the third timng pulley is coaxial wth the
second timng pulley. 7. The robotic arm assenbly as clained in any
one of cl &.ns Jheorobpti¢ warrhassently sy cleimed dn uiiiredsal clavnod, &trthehe

base on whj [,V hani i ) - Lecyarm
assenbl%y aéso?rﬂ?rfgl ﬁeg]'rpnédygﬁ?’?mmg# %%ﬁgﬁﬁ%gﬁa\%?%m%? Bgr)glﬁgir%ﬁ? ses
a uni ver saistebpiestabdmdsiofitise sedomtianmeanded diningebealibcannedtingeths e, wheedior ,

15t he univgrsal,.rotor bei.ng nount. onto a hol | ow,uni versal col umar
shart. o g b0 puhg) o BRI 3 e R Bl o 5 viher of n
the universal rotor is nounted directly onto side walls of the

uni ver sal ol ugmar aft and is surrpunded by the universal .stator.
10, The ' dbot | SHBVAPAC D RSorbIEHS TS i &l OBl By 3Te”birer o
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of the sedBAY8¥'m and wherein the columar shaft is rigidly coupled
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8. The robotic arm assembly as claimed in claim 7, wherein the universal
motor comprises a universal rotor which is rotatable relative to a universal stator,

15 the universal rotor being mounted onto a hollow universal columnar shatft.

9. The robotic arm assembly as claimed in claim 8, wherein the universal
rotor is mounted directly onto side walls of the universal columnar shaft and is
surrounded by the universal stator.

20
10.  The robotic arm assembly as claimed in any one of claims 2 to 9, wherein
the driving mechanism is located at the proximal pivotal end of the second arm
and the base is located at the distal pivotal end of the second arm, and wherein
the columnar shaft is rigidly coupled to the second arm.

25
11.  The robotic arm assembly as claimed in claim 10, wherein the first and
second timing pulleys are housed in the first arm, and the second timing pulley is
located at a distal pivotal end of the first arm.

30 12. The robotic arm assembly as claimed in claim 11, further comprising third
and fourth timing pulleys located at respective proximal and distal pivotal ends of



11. The robotic armassenbly as clainmed in claim10, wherein the
first and second timng pulleys are housed in the first arm and the
second timng pulley is located at a distal pivotal end of the first

arm - 17 - the second armand a timng belt connecting them
wherein the third timng pulley is coaxial with the columar shaft
and first timng pulley. 13. The tbbotic arm assenbly as cl ai med

in any one of clains 10 to 12 5 further conprising a universal notor

at the ba e . th j
arm assenb )e/%%gé(@ al rre'ﬂfl n c al m d&‘nb%@ﬁ?ﬁ ?Vﬁgreﬁnnﬁéetp@gﬁm@g’?%ﬁrlw
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hol | ow 10uni versal columar shaft and is surrounded by a universal
stator. 15. The robotic armassenbly as clained in claim 14, further
conpri si ngl &l edhei wabti@amdnsarsembly ks rotsmieduisezhywondiah didimshtd towz,

uni ver umar shaft. 1516.The roboti¢c_arm asse as_c a| med in
any  ond of Dthe HrBRETh G WA MaRE AL PASE Po; SRt by Shret Al e
col umar gshafiite@nd the rotor is surrounded by the stator. 17. The
robotic armassenbly as clainmed in any one of the preceding clains,
20further conprising electrical and service |ines housed within the
hol | ow colwmarrhghabétic arkBasddmbly @bqﬂaumeanmo?aﬁmemIvVnea@nqhalumrSam

any one of the preceding c¢lains, wherei di st ance, bet wee H
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15. The robotic arm assembly as claimed in claim 14, further comprising

electrical and service lines housed within the hollow universal columnar shaft.

15 16. The robotic arm assembly as claimed in any one of the preceding claims,
wherein the rotor surrounds the columnar shaft and the rotor is surrounded by

the stator.

17.  The robotic arm assembly as claimed in any one of the preceding claims,
20 further comprising electrical and service lines housed within the hollow columnar
shaft.

18.  The robotic arm assembly as claimed in any one of the preceding claims,
wherein a distance between the proximal and distal pivotal ends of the first arm is
25 substantially equal to a distance between the proximal and distal pivotal ends of

the second arm.

19.  The robotic arm assembly as claimed in claim 18, wherein the first and
second arms are of substantially egual length.
30



the second arm 19. The robotic armassenbly as clainmed in claim18,
wherein the first and second arns are of substantially equal |ength.
-18- 20. The robotic armassenbly as clained in any one of the
precedi ng cl ai ns, wherein an angle between the first armand the
second armis always naintained at tmhge the angl e between the first
arm and the substantially straight I1ne:

20. The robotic arm assembly as claimed in any one of the preceding claims,
wherein an angle between the first arm and the second arm is always maintained

at twice the angle between the first arm and the substantially straight line.



