-1- ROBOTI C ARM DRI VI NG MECHANI SM Field of the Invention 5 The present

I nvention relates to a robotic arm and in particular to a robotic arm
structure which is operable for positioning an end-effector of the robotic
armto performvarious functions. 10 Background and Prior Art Conventi onal
Sel ective Conpliant Articul ated/ Assenbly Robot Arns (SCARA) in the market
are driven through transm ssion systeng, 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 |located at the base of the robot
structure, and the robotic arns are noved by the transm ssion systens
linking the drive notor REB DR ISMohoti ¢ arms exhi bi t
angular (6), vertical (2) and radial (R) notions in a cylindrical

coordi nate system Angular notion refers to rotation of the robotic arm
about a vé&idld ohthealnventidn t he position which the armis pivoted to the robot
body. _Vertical or Z notion conprises vertical elevation of the robotic arm
with réference to a base of the robotic system Radial or R notion denotes
ext ensi on t; ' | | 8 [ :
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di st al endtrotturdavhicibist drerable foTipesitiovingt aro ead-efflectosrof dhe aobetiti atm ot or may
be converted into linegar .notion of the end-effector to attain such radial
moti on. 3®COSTRYPERYS @7%5, 064, 340 entitled "Precision Arm Mechani snt

di scl oses an arrangenent of a pulley and transm ssion belt systemto

achi eve radial notion of -2-
10  Background and Prior Art

Conventional Selective Compliant Articulated/Assembly Robot Arms (SCARA) in
the 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 typicaily 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



an end-effector in a robotic arm An armstructure of the robotic arm

I ncl udes either two or three links pivotally connected to one another with
an end-effector at the distal end of the distal link. Straight line
novenent of the pivoting nounting place of the end-effector is provided
froma rotating drive wheel coaxial 5 with the pivoting of the proximl end
of the proximal link. A drive wheel arkranged coaxially with the pivot of
the proximal end of the proximal |ink causes the first and second links to
pi vot about their pivot axis. This pivoting causes the first link to pivot

about i ts afrénd-gRéctenth andbeidians. LA wmdstAidi@et 6 theoroBbH®armnintii@es Wo | 1 nk
versi on and causes the second and third links to pivot about their pivot
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provi de a apdaeicnnd didksikxt piwot aborit ¢éheii pivet axisin @ biseplvotingksauskestthe firstinki ¢ arm

in this prior ar re driven through a 20 relatively, conp]ex, timng belt
tranom soitd RveEehafli6 At chiiaid e the Endiebieciol 15 REBL Bifne o i,
conpl ex. TRadi6d 8he cadsss theecand ahalthiediinisi te pivot abalif Bieir gilotRadsaRtthdunber
6, 709,521 entitled "Transfer Apparatus And Accomodati ng Apparatus For

Seni cdRdudiree linkyeesian. And Sem conduct or Processing Systenf 25 discloses a
sinpl er arrangenent of a pulley and transm ssion belt system conprising a
first notor stacked on top of a second notor. A main transmssion which is

part of t e swih) tis poweg frorchandtemdfiosr isaicdidiregthy trdnemiteddions firstipivatt i ng  a
robotic armconnects the first nmotor and first to third |links of the

appar at us 2XISTROIRH;A a Bagesofithe rehpticmt fosa Broxirpal linkepulyisdransatitted; to &i sposed
at the prQxbBRd pivot axis before it is transmitted back to the first pivot axis to drive the
15 proximal link. A similar transmission of power takes place 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 Accommodating
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/retracting
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.



30 and di stal ends of each of the links. A timng belt extends between each
pair of the gear pulleys and coaxial shafts conprised in each link. -3- The
first link is driven directly by the first notor to rotate when the notor
turns a shaft which connects the notor to the first link. The main driving
mechanism transmts this rotational driving force to the third link or
end-effector through an 5 el aborate argangement of gear pulleys and timng
belts. One shortconming 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 affect the
production environnent, External electrical cabling and wiring to the
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compliance errors resulting from the bending of the shaft when the robotic arm is
being driven such that the degree of rotation of the first motor's rotor at one end
15  of the shaft may not be exactly the same as the degree of rotation of the first link

at the other end of the shaft.

It is therefore desirable to devise a robotic arm structure that is able to achieve
the required radial motion by implementing a simple pulley and belt transmission
20 mechanism using only one motor to achieve radial motion, which also offers a

substantially uninhibited rotational range as well as compactness.

Summary of the Invention

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.



conpared to the aforesaid prior art and which is capabl e of achieving

I ncreased 30 accuracy and reliability. -4- Accordingly, the invention

provi des a robotic arm assenbly conprising: a driving nechanismincluding a
rotor which is rotatable about a stator, the rotor being coaxially
rotatable relative to a columar shaft having a substantially holl ow

central longitudinal axis; a first armyhaving proximal and distal pivotal
ends rigidly 5 nounted on the rotor such that the first armis drivable to
rotate by the driving nechanism a second arm having proxinmal and di st al
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Brief Description of the Drawings The present invention will be readily
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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;



t he acconpanying drawings, in which: FIG 1 is a perspective view of a
robotic arm assenbly having a base and a plurality of interconnected |inks
or arns according to the first preferred 30 enbodi nent of the present
invention; -5- FIG 2 is a top view of the robotic armassenbly of FIG 1
illustrating radial notion of an end-effector along an x-axis; FIG 3 is a
sectional side view of the robotic arpmgassenbly of FIG 1 showing the 5
conponents of the arnms and the base of the assenbly; FIG 4 is a sectional
side view of a robotic arm assenbly according to the second preferred
enbodi mentF|Gf 2t Reaops@ew ofnhenidboftic sdraniasserhbly sOFIENENgstadtinghadiadr ms and
the base of the assenbly; and 10 FIG 5 is an expl oded side view of the

not or ass&MIon foa"th‘lE"ﬁ%%@i@Oagﬁf‘xa%’ﬁﬁnbl y according to the first preferred
enbodi nent of the invention show ng the main conponents of a T notor and an
R notor. 15 Detailed Description of the Preferred Enbodi nents of the

| nvent i on FTBe3|is afsectienal sideodewaftthe odbdticecarpr assembly of EH3.i bshewinp the

descri bed hereinafter, with reference t he acconpanying drawi ngs. 20 FIG
175 a5percOTBRNPTS 4 thsABTS 2N dhoPAES ot eSS 10 having a base 12 and  a
plurality of interconnected |inks or arns 14, 16, 18 according to the first
preferred enbodi nent of the present invention. Top covers of the arnms 14,

16, 18 hdve. hdea sgatienalisidg views§ adobeticamnasseipelytaceerdingta thersecenthow and

has a 25 PAPRIedsoeiding SR pldkbnl BRenbiEs Snohib bR SonBeft b S s *°
st ati onar yarsgRipdrthe basé bathe 4sseimtdyiama) and about which the plurality of

arnms 14, 16, 18 rotate. The plurality of arns 14, 16, 18 are rotatably
coupl dd with respect to one anot her

FIG. 5 is an exploded side view of the motor assembly of the robotic arm
assembly according to the first preferred embodiment of the invention showing

the main components of a T motor and an R motor.

15 Detailed Description of the Preferred Embodiments of the Invention

The preferred embodiments of the present invention will be described hereinafter

with reference to the accompanying drawings.

20 FIG. 1 is 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, elbow 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 distal pivotal ends and is supported at its distal pivotal
end at the shoulder pivot 20 and is rotatable about the shoulder pivot 20. The



via the pivots 20, 22, 24. The first arm which in this enbodinment is a
shoul der 30 arm 14, has proxi mal and distal pivotal ends and is supported
at its distal pivotal end at the shoul der pivot 20 and is rotatable about

t he shoul der pivot 20. The -6- second arm which in this enbodinent is an
el bow arm 16, al so has proximal and distal pivotal ends and is rotatable
about the el bow pivot 22 at its proximgl pivotal end where it is connected
to the proximal pivotal end of the shoulder arm14. The third armin the
formof an end-effector 18 is rotatable about the wist pivot 5 24 at the
di stal pi secernd ama wifich frethid ecodiment & amikibow a6 ecalbethae gnoximal asdoul der

and el bow vots 2 at. th ' di sta n of the, shoulder arm
14 is pre %hﬂ"{PtE'LFdH%a?ﬂq[ '§|’P€?‘£‘ﬂ§§hgﬁ{o‘“§%ib% Wé’k@g aﬂi‘?@é‘é’ﬂ”‘?h@"@ﬁow and
the wi st epdwoliereZt is Eénr@éctédleo Rl prasmab piothl Srall ofthéssiiduldéreadh Baw arm 16.
The shoulder arm 14 and the el bow arm 16 are al so preferably of
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or Rnotion of the end- 20 effector 18 refers to the end-effector travelling

al ong a s§beuldar pamn |y md thieggibowiaien 1fhare plsoqweferably wfjisubstesntinlyreqifal t he
shoul q§r ?‘%{Eﬁé 20 connecting the base 12 and the shoulder arm14. In this
exanpl traight line is parallel to the x-axis. To realize R notion,
the relationship between the angles formed by the shoulder 25 arm 14, el bow
arm 16 and x-axis_is preferably as follows:; A9 = 43/2

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 parallei 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 = ABR
Aa  =-AB/2
where A9 denotes the change in the angle between the elbow arm 16 and the
30 end-effector 18 which is aligned with the x-axis; AB 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-



Aa = - 043/2 where A9 denotes the change in the angle between the el bow arm
16 and the 30 end-effector 18 which is aligned with the x-axis; b43 denotes
the change in the angle between the shoulder arm 14 and the el bow arm 16;
and Au denotes the change in the angle between the shoul der arm 14 or the
el bow arm 16 and the x -7- axis. CGenerally, the ratio of the relative
rotational speed of the el bow arm 16 wwth respect to the shoulder armis
thus 2:1, such that the distal pivotal end of the shoulder arm 14 at the
shoul der pivot 20 and the distal pivotal end of the elbow arm 16 at the
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such as R motor 28, includes an R motor rotor 38 that is rotatable 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 pulley 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 motor 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



the R notor 28 and generates universal rotary notion of the robotic arm 25
assenbly 10. In the first preferred enbodi nent, the R notor 28 and coupling
shaft 30 are nounted onto the T notor 26. The T notor 26 conprises a T notor
rotor 34 which is rotatable relative to a T notor stator 32. The T notor
rotor 34 is nounted onto a universal columar shaft or T notor shaft 36,
which has a substantially hollow centgal |ongitudinal axis. The T notor
rotor 34 is nmounted 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

not or shaftte Sho@lderhrran 4Soagérserafe ubivetsak rothtistal enotiynmoflthel R rore g, e
uni versal rotational notion of the R notor 28, coupling shaft 30, shoul der
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makes it I ' th and allows electrical and service |ines 49 such as

el ectrical cabI es and vm' rings to be routed to the robotic arm assenbly 10
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of the asse S 20T e R not rotates the not or rotor 38, t he
shoul der aherpmuuq:tjgme@ulronment Moreover, there is a further benefit that the Iength
of the coupling shaft 30 can be made aimost the same as the length of the R
motor 28. Not only would this lead to a more compact design, it also makes the
15 shaft 30 more rigid and significantly avoid compliance issues when the robotic
arms are being driven. Greater accuracy and precision may thus be achieved.
The hollow central longitudinal axis of the coupling 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 shoulder arm



on the R notor rotor 38 at the shoul der pivot 20 about the S axis to
generate R notion such that the shoul der arm 14, el bow arm 16 and t he
end-effector 18 are all nade to rotate relative to one another by the
transm ssion system Vertical or Z notion of the robotic armis possible by
el evating or |lowering the shoulder arm 25 14, the el bow arm 16 and the
end-effector 18 along the S axis usingga Z notor (not shown). The shoul der
arm14 is directly driven by the R notor 28. The elbow arm 16 is driven by
the R notor 28 to rotate relative to the shoulder arm 14 through a first 30
timng belld dritreuelowhatmttteandghe dubktantially BEaight lihdgx-axis) 1Fh@rehdt he el bow

16 i I ' ' i h f le b h houl d
arm -o- 1278A0f A8 e puep BY MR Maslar ZRAVEUGE i L TR RL B8 WIS 2 axi <)
The end- %BE&R{ Bmidd beft 2¥ sNED thB%r{ﬁlé“B Rﬁe&ﬁtﬁeﬂé%@aﬁmé hﬁ%tthé' m ng

s wel t 52 such t

belt 44 a as a second timng bel at the angl e between the
el bow ar mend-effegtarnt8 alignedaiangt the 1-&xisl isgmaihtaiheddottiee the same as thai nt ai ned

to be Lhe _sa s the 5 e tyeen . the shoul der arm 14 and the x-axis.
The ac uatapgﬁe%qufe%%ﬁ f‘r@é}‘%‘?{‘}f} ﬁ%ﬁ'ﬁﬂi@%ﬁ%@d in greater detail. The R
notor rotor 38 rotates and turns the adjoining shoul der arm 14 which
rotates the first timng_ belt 44 that is wound around the first timng

pul | ey 42 TAgRduaticroaither Rimetiarnispaew slesarbed inc aeatergigtahe TherBtmetori ng
pul l ey 42, [ | | r [ - bimong
belt 44 i sfo%fgg(rggtoﬁ/tgs t% gldrtgﬁ’fé;f g‘%t %@o%ﬂ@oaﬁgﬁ&%rg%{m ?1t4 r‘%’&éherﬁ o%vg Bﬁﬁ?g‘zz about
an E axi s timehgbel d4tthat isevainaudrdand denfirs4 timig puliey 421and arssicahédsindngecond

tim belt 52 that i d thi fourth tin [ 48, 50.
The. 1 1PE G PAHEY ABusRaFst Homy sl g, Py 1% WhEh(ae 8l Pousebapdbe ve
proxi mal apdudeshah 190 IPh&first ifiky B@I;(‘Gﬁgér'gééra_lt_l b fbtatd fHe &BbWwthrpphbey 48

q
is coaxial with the second timng pu / he el bow arm 16 rotates
rel ative tabtheneloewdiedtiZZcatnut 28 Eapyatelative todhe shouldenarmst14. This in turn

rotates a second timing belt 52 that is wound around third and fourth timing
nulleys 48, 50. The third and fourth timing pulleys 48, 50 are located at

15 respective proximal and distal ends of the elbow arm 16, wherein the third puliey
48 is coaxial with the second timing pulley 46.

The elbow arm 16 rotates relative to the end-effector 18 about a W axis at a wrist
of the robotic arm assembly 10 as the fourth timing pulley 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.



of the robotic armassenbly 10 as the fourth timng pulley 50 turns the end-
20 effector 18 relative to the elbow arm 16 at the wist pivot 24. The
result of this transm ssion process is that the rotational action of the R
notor 28 is ultimtely transmtted 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 exanpl.egg. A sinple transnmssion is thus
realized by a train of belt and pulley systens using a single 25 R notor 28
| ocated at the base 12 of the robotic armstructure. In this manner, R

nmoti on of ABe4rigkosectionansidesdeR| of d Gobaticeadn lagsarabiyetBiadtording ng thal y a
single R notor afr}:\g a%ffi gﬂ)lpe, arraﬁgqgment of .transm ssion belts and pulleys.
It shoul d Sgecnghprederied egibodipent R PEEHNT ANHENHAN SNOWNG ther RMBPRANS 4, 16,
30 18 |i e opihePhfitesa LB 8iRI REHREMY of thelstem ﬂd’)/g%_rﬂi\}é?éaltrﬁotﬁﬂe

i
another. -10- FIG 4 is a sectional side view OP a robotic armassenbly 10
accor di ng or & moter 26cisdocated at therkasectzon whicht thefshohidep asn drtis inmwumted on

showi ng t he onent of .the_ar 4 ,an e 12 t he

cecormd, | M TRIRAVER HesrBlsls B Es 3 RMRagres 38 ToddiS Bafal ufth e ace 10
on whi ch Ehaxis e thelelbod Pivari22.s Inthieefthodiment, tHeefigt arhng teeiow s such as
an R notor 28 Is |ocated coaxially with the E axis at the el bow pivot 22.

In this efSodichthe seqand amm i ther sheudemame Tdoand they 26 saanedied sédemd arm i s
L0 e SHoUEPt 2,804 ARy RE BEbEA ol oo ShEOUGLHELipd o o

at the proxina rarm e el bow arm 16.
The base ik elbolvoarat ¢6. dthetbesed Zisdbcated cit the disthl pivatdleerglesfdhd s&0o@d m or

shoul der arm 14. The R notor_28' conprises an R notor rotor ' and an R
ot or 161 a @M A GhoURRE A oF1e BBpoEEs campihen abRanPer 561Py 8 han ol urmar
shaft or FERibRr distopA6T tTROR mutdr fdtot 387i6 rethtattd Yelsthval toohaél¥mnaPeng@up! i ng
shaft 39" is fixedly coupled to the shoulder arm 14. 15 The rotation of the
R not or 28r apupling shalt 38 benichr im refativelycetatienamguni el conpling: shaft @ ds r ot or

38" di rectﬁ%dl@%oh&%d%o'fﬁ)é Qﬁoch?éro rm3§¢'l. rotates about the E axis. The

15  The rotation of the R motor 28’ drives the elbow arm 16 which is mounted on the
R motor rotor 38’ directly as the R motor rotor 38’ rotates about the E axis. The
rotational motion of the R motor 28’ also drives a first timing pulley 46° on R
motor rotor 38" which rotates a first timing belt 44’ that is wound around the first
timing pulley 46’ and a second timing pulley 42°. In this embodiment, the first

20 timing pulley 46’ is located along the E axis and is coaxial with the R motor 28’
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 puiley 50’ on the
end-effector 18 rotates a second timing belt 52’, which is also wound around a
fourth timing puliey 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



rotational notion of the R notor 28 also drives a first timng pulley 46
on R notor rotor 38 which rotates a first timng belt 44" that is wound

around the first timng pulley 46' and a second timng pulley 42'. In this
enbodi ment, the first 20 timng pulley 46" is |located along the E axis and
Is coaxial with the Rnotor 28 . The first timng pulley 46' and second

timng pulley 42', and the first tim.ng belt 44', are all housed in the
second armor shoulder arm 14. The first timng belt 44" rotates the second
timng pulley 42' at the shoul der pivot 20 about the S axis of the shoul der
arm 14 whiagh 1t6hefhe endieffectohd 8tbims! rdlativertmtibflelbeh:aarhv%tabotlh'fhebblsa(ls 25 12.

As the R notor, 28" . drive first armao | bow m1l16, a IIe 50
o the oRaSE tic tsping pulley B0 Jurms e Hmkettecid aahe it piigh 2an s B, S
wound ar oypf, the i@Hérhtssidnnbmerlpbw.téﬁhe r&aﬁoﬁﬂtﬁdubntdf%amnﬁbﬂo?>2848 i's
mounted onto and is 30 coaxial with the cou shart . The third timng

pul | ey 50%ocatrf abthe ﬁlbOWrﬁM@ 23t beyultirpatelyt ganm&teddodhe repdeftadtarel &l st al

furne. pol AnH/BergieBiasT it e ioh Bab K ehtier®lift o Be FEFE B i ng
pul | ey 50exte\mﬁgsgrtrétmmdloagfmta}ghﬂl&eat the wist pivot 24. In this way,

the transm ssion process permts the rotational action of the R notor 28
| ocated at the el bow pivot 22 to be ultimately transmtted to the

end-ef f ectigp s%%oﬁ%%ﬂ@cﬁ&%én%i&r%&e%? AT THGBr é@%c&t&?ﬁ ﬂﬁﬁéeéee%‘a 18 of

the robotic arm extends or retracts along a strail e second
di rect dr itheserabotic arasassatnbly 0 geneuites uﬁﬁersad:mtew raotlcnrhef thagebdit afn t he

robot| arm as y. 1 enerat e i vers t of the robotic
Lo 18 SEBRERBG R 1 e SEERE HeERe 4R QFboPmenD e S Mol 8 SRmhrREsi s b6
conpri ses Tembtdrabfir J40kRich 3¢ ravatable Felativel @t 201 Rofar|statbr 82t orte T mstbpr st at or
32. The T notor rotor 34 is nmounted onto a universal columar shaft or T

mot or  shaf@toB&4 isumeynted gtomadimeraaligalempamshatber EanetoashBrtf, miiehal axi s.
The T ot Lo r OtOhsAftibfy 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 48 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.



nmounted directly onto the side walls of the T notor shaft 36 and is
surrounded by 15 the T notor stator 32. The T notor 26 rotates the T notor
shaft 36 about the S axis of the shoulder arm 14 which is nounted on the T
notor 26 to generate universal rotational notion of the shoulder arm 14, R
notor 28', elbow arm 16 and the end-effector 18 concurrently. Electrical
and service lines 49 may be housed wi{hin the central |ongitudinal axis of
the T notor shaft 36. 20 Wiile the elbow arm 16 is directly driven by the R
notor 28', the end-effector 18 is driven by the R notor 28 through the
second ti riﬁnm@daeddb;aﬁﬁges:ﬂd:misiehmwiment iartiodtehe & metor 28 & lecated cdoseri® and t he

end- ef fec ne ong. t xis,. is half that, of the angle between
t he shoul ‘? eﬁ'%rﬁarheﬁ 38?‘:*? 'I"bﬂ‘ﬁ gF Rrgfer ﬁ%%@ﬁmﬁmdé’f’h'ﬁ? rﬁeﬂﬁ? dMdriven
by the R nmdreasetBacdubdciusny édmrd‘uhbmiy dfithé @ﬁdlyfﬂebtoﬂs such that the angle

bet ween the shoul der arm 14 and the x-axis is also half of the angle
bet ween t he shoul der arm 14 and the el bow arm 16. The result of this

E axi o0 £ B RedtybBrbidiod DB B He, MGk AEaiy i BEEARIRIARE, o7 m 14

using a 3@ssémplye 10r acsordipngi to thesmutn psrewrrehetérﬂmacﬁmbmaldﬂ e Ikhtiomnd
pul | eys system &eow ded by a si not or 28" |ocated at the_E axis of

t he robot iSROWHS r@ét%P@npoﬁ@tsgﬁdhﬁ@P "Wa%@a?@é’ he Rinstoe@SodThef® is that
the R not gpot néﬁ%B |§Céﬂﬁ%lﬁghﬂél PHStof 96 by Mfe SBLpIRTY SRS §§cﬁ h%g rbatibfe first

preferred e I ment results In mcreasgd accura
cont r ol | alof the SF robtor 126 terms thief B onotor 28. toﬂnrmgcabcﬁltltml\mnsaiﬂphmdied ofitbe vi ew of

t he asse 4, of th roobotic,ar ass ccording to the first
or of ePeq BHEGH shaf 7 ehiiod0 Bt I, ¥l o R BriR B8R &bt he T
notor 26 _demnbR M aBdQAhe?8.axldle R nmotor 28 is coupl ed to the T notor 26 by
the coupling shaft 30 such that rotation of the T notor 26 turns the R

notor 28 to bring about universal T notion of the
A T motor housing 22 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



10 coupling shaft 30, shoulder arm 16 and the other arns of the robotic arm
assenbly 10 about the S axis. A T notor housing 29 houses the T notor stator
32, T nmotor rotor 34 and T notor shaft 36. It al so houses other parts of
the T notor 26, including a T notor 15 bearing 31, a T notor bearing flange
35 and a T rotary notor encoder 50. The T rotary notor encoder 50 helps to
determne a rotary position of the rabggic arm assenbly 10. An R notor
housi ng 39 houses the R notor rotor 38 and the R notor stator 40. It also
houses an R notor bearing 41, an R notor bearing flange 45 and an R rotary
not or encaod@atingzhaft® SBhQO‘EhahareFactuaﬁng/trmotdboﬁb apmcante treréfore a8certaibhe T and

R notors 8 are Slt naI sure aratus. The T ary opti cal
encoder (?Sh%gﬁﬁw g'égo h@ﬁ@%ﬁf“”ﬁ @@ugﬁ@ %‘Ptqwrﬁﬂt'{)’? W&S’éé scal e
33. The Rig Herém Qéédrib%ld neaﬁ@dlar bé%ﬁﬂ@&ht&ﬁ%hﬁnoﬁe ? s edfcpéidtiongad 47

and a T notor encoder scale 25 43. The encoders may be | ocated next to the

not or shafeeBIreREnt ARPATBHS, istigh Qﬁlaf magoetmﬁn@@dﬁsdmaysbmu,seéewmmébe angul ar

positigns ‘ﬁ%@éﬂ?ﬂﬁeﬂﬂoﬁnwder head ascertains an angul ar di sposition of the
roboti ¢ af e encoder scal es have an annul ar track di sposed around a

surface concentric wth the Iongltudl nal S- axis at the shoul der pivot 20.
The encod head may be supported an 30 encoder unt and dj sposed at a
relativel ﬁ@nirmowsﬁﬁ‘bé%'g Ferﬁ 'édﬁo@@rfor@c%ﬁ 8 'ﬂ‘i’rﬁg’i"’eﬁlﬂl'ﬂqﬁ'@a'eﬁ §¥8r scale
and opti Cahbants& With %H&Taﬂewr%t&'@peﬁ 'tﬁé frnmfaiortme Aéerﬁﬂgaéa Nghehpfts 36,

30 that are actuating the robotic armand therefore ascert the rotary
di sposi ti anotof rothe 34 h@lsudeundﬂdTbldhe Al-mtarghiatar 38t shichogeaxially reneivder i s

her ! Do ihe Tioe o B8 ) EEABRARLE Cob R AL BSREpIBR on
present i RN@Mthefdr 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



The T notor shaft 36 is preferably in the formof a hollow cylindrical
sleeve nounted with the T notor rotor 34 of the T notor drive assenbly 26.
The T notor rotor 34 is surrounded by the T-notor stator 32, which
coaxially receives 10 the T notor rotor 34 and T notor shaft 36. The R notor
28 is nmounted on top of the T notor shaft 36 via the coupling shaft 30. As
descri bed above, the coupling shaft 3f4al so conprises a hollow cylindrical
sl eeve with one end coupled to the timng pulley 42 which turns the timng
belt 44. The hollow centers of the T notor shaft 36 and coupling shaft 30
allow thelt ehrprhd:bia\wpsd!mmd taa, the preferredrerbodimedtslaf tha presant éfventioncal or
service lines 49 f t he robotic arm assenbl hat the are. not
exposed t BIOVLER ATRRATIBHOB TORF AT W e IAIVENe SR ZPnsiyatig Ych

cont ai ned adobty B éu'i@ef‘tﬁﬁe'ct)‘ﬂrﬁéaefsfsémww Bfihg %Bé%f‘tré’tﬂﬁl hﬁ)tlbhaﬁf theréigt i on of

the robotic armth hout a 360 angle is al so possi ble w thout
i nt er f er eréftgctyy 189er grmapie; tthe shilech corredtioneof theetimingopdliey 42 detthe bearing

31 andgth t ofm
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supporting vabl'e i nner portion of bearings 31, 41 agal nst ?he not or
shaft 36 anultupllee:llmhprwmgssemblues 3o, thars@cand emtmdlrﬁemymapng theodriviog

Py edPar deEhaverE hstapth 3P el ey e shedim 1 lotefdRe @
provi des &a&kﬁﬁﬁi@r&'«_ﬁﬂ @bser ed el §rid-Bffédton18 WhadH vdrgvéd m@l Soctpayt sfpgi on
whi ch driving mechanism. Overall, there is significant improvement in the compactness

and controllability of the robotic arm assemblies 10, 10° according to the

preferred embodiments of the invention.

15

The invention described herein is susceptible to variations, modifications and/or

additions other than those specifically described and it is to be understood that

the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



adopts a single direct drive assenbly to bring about radial notion of the
end- effector 18. Furthernore, the direct connection of the timng pulley 42
to the 5 coupling shaft 30 increases the reliability of the rotating action
of the timng pulley 42 since there is increased correspondence between
rotation of the first timng pulley 42 and the rotation of the second
timng pulley 46. Having only one singlsee driving mechanismto drive R
notion is also nore cost-effective than using nmnultiple direct drive
assenblies. In the second enbodi nent, |ocating the driving 10 nechani sm

bet ween t KEAIMS8ul der arm 14 and the el bow arm 16 | ocates the radial notor
28" closer to the end-effector 18 which inproves the accuracy of the
driving mechanism Overall, there is significant inprovement in the

conpact negs ajqqoggﬁgé,% laggg,-h Séoﬁ'fprfsh@ robotic armassenblies 10, 10
according to the preferred enbodi ments of the invention. 15 The invention

descri bed her epdrivinggneeranismIincluding arrotarivdhieh isnistatablexelative taadtator,

hat o e (i o0 craRBle 1Efbie GBRLYa FRRAMASha e ats bR Al o = °

addi ti ons hehdew kentrallibngitudiviah akise spirit and scope of the above descrl pti on.
-15- CLAIMS: 1. A robotic armassenbly conprising: a driving nmechanism
i ncluding a ro?chStv@ﬂ"bHaY'QQ PEe¥nabpad rdé’rtﬁ't piyatat 6“@5 sgighomounted: g theyt or

bei ng coaxitg} TL,Q{?HfNan $tdrivabRd to"TBfte Bg@ﬁé diIHY Mechanidhst ant i al Iy

hol | ow central Tongitu |na axis; a first arm havi ng”proxi mal 'and di stal
pi vot al ends r agedbyd aunr’nasri:ngcmoxlnml andtdistakpigbtat bads tthe pfoximal pivatal s

Y2 Rt B el B B G o e BT e P
bei ng pi vehetidsyagennected to t he pr oxi rral pi votal end of
a first timing pulley mounted coaxially onto the columnar shaft;
a second timing puiley spaced from the first timing pulley which is drivable
to rotate together with rotation of the first arm; and
15 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
first and second arms are configured to always lie along a substantially straight
line.
20
2. The robotic arm assembly as claimed in claim 1, further comprising a
relatively stationary base, about which the first and second arms rotate.

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

25 mechanism is located at the base.

4, The robotic arm assembly as claimed in claim 3, wherein the first and
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.

30



the first arm a first timng pulley nounted coaxially onto the col umar
shaft; a second timng pulley spaced fromthe first timng pulley which is
drivable to rotate together with rotation of the first arm and 15 a timng
belt connecting the first and second timng pulleys that is operative to
rotate the second armrelative to the first armas the first armis driven
to rotate by the driving nmechanism sugL that the distal pivotal ends of the
first and second arns are configured to always lie along a substantially
straight 1line. 20 2. The robotic armassenbly as clainmed in claiml,

further c&opri Fhegobotic armtassemblygtast claineed/ i alaém 4 biavthemisomiprising 4nr st and
second arns 3. The ropot r as clainmed in claim 2,
wher ei n tﬁ@dcf%e&f éoca&e;l %@ﬁéﬁ%@h‘?'?’&a%@gf’é&ea{ecf’ﬂ%aHQse 4. The robotic arm

assenbly as clainmed in claim3, wherein the first and second timng pulleys

are housed in the first arm and the second timng pulley is located at the
proxi mal i vot Aheciphhobic ame Fseemblyn@s clained dn gainTie or otaim &b, afurthassenbl y

as cl agme ’ e t the

ai st ai Opi oIS ehd Tou AR AEDS 1o d 8, REbERNRLRIeRIBRTSE ¢l o e
in clai m Histal pivatalerds dfithé setond ammpidi Stiming belt omrgttihg dhdrn, wheteng pul | eys
| ocated at respective proxinmal_ and distal |vot al ends of the second arm
and a ti mt%tméltﬁn'ﬁgmﬁ%! isrepaxiab with\ihe seeend imimgirulled. tining pulley is
coaxial with the second timng pulley. 7. The robotic arm assenbly as
claimed in any one of clains 3 to 6, further 10 conprising a universal

not or at t7/he bdke robotihanh asbemblyi as clgimed iraany one of claims 3 to 6, further

10 comprising a universal motor at the base on which the driving mechanism is

mounted.

8. The robotic arm assembly as claimed in claim 7, wherein the universal
motor comprises a universal rotor which is rotable relative to a universal stator,
15 the universal rotor being mounted onto a universal columnar shaft having a

substantially hollow central longitudinal axis.

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

20  surrounded by the universal stator.

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
25 the columnar shaft is rigidly coupled to the second arm.

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.
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nounted. 8. The robotic armassenbly as clained in claim7, wherein the

uni versal notor conprises a universal rotor which is rotable relative to a
uni versal stator, 15 the universal rotor being nounted onto a universal
columar shaft having a substantially hollow central |ongitudinal axis. 9.
The robotic armassenbly as clainmed in claim8, wherein the universal rotor
I's nmounted directly onto side walls aoff7the uni versal columar shaft and is
20 surrounded by the universal stator. 10. The robotic arm assenbly as
claimed in any one of clains 2 to 9, wherein the driving nechanismis

| ocat ed atl2t heThe oobotig arpi asseahblgras daimeskeinsaaiond afurtheamlnpﬁsingalsia:f [ s

| ocat ed at t al vot n f the.second

col ummar QHQ??UTﬂ'ngf"& fkgygiqf:a?%fgafl@?ﬁgtl\gee@rgﬁﬁnﬂ (ﬁital "?W@ 8? PE arm
assenbly @fe sécundefim ahd 4 dilihg Belt vbanadtingtthem| wheteiR itk th&@qmﬂﬁ? touléyg

pul | eys are housed in the first arm and the second timng pulley i’'s

| ocat ed aifS epaxial with tb?\‘F@'{”mnaéﬁﬂaﬁfa"ﬂITEStftlm'Qg pyley. 30 -17- 12. The robotic
arm asgenbly as claimed in claim1l, further conprising third and fourth
timng pulleys |ocated at respective proximal and distal pivotal ends of

t he second3ar nThadoboti¢ mrmgammblgoametaimag inhany onbesfeclaiméiel Ot to @, ti m ng

pulley i oaxialwththecol tandflrttlmn lley. 5 13.
The robot I¥INGr FORYISAY ¢ %V%rﬁa ﬁpﬂ}?y basg ofr W |°Q|W§ § OPB a8 £ yrt her

conpri si nghguntdy.versal notor at the base on which the second armis
nmounted. 10 14. The robotic armassenbly as clained in claim 13, wherein the
uni versal notor conprises a universal rotor nounted directly onto side

val | 518f qqun! \Lﬁésrgbotic arm assembly as claimed in claim 13, wherein the universal
motor comprises a universal rotor mounted directly onto side walls of a universal
columnar shaft having a substantially hollow central longitudinal axis and is

surrounded by a universal stator.

15 15. The robotic arm assembly as claimed in claim 14, further comprising
electrical and service lines housed within the hollow central longitudinal axis of

the universal columnar shaft.

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

25 longitudinal axis of the 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
substantially equal to a distance between the proximal and distal pivotal ends of

30 the second arm.



columar shaft having a substantially hollow central |ongitudinal axis and
is surrounded by a universal stator. 15 15. The robotic arm assenbly as
claimed in claim14, further conprising electrical and service |lines housed
within the hollow central |ongitudinal axis of the universal col umar

shaft. 16. The robotic arm assenbly as clained in any one of the preceding
clainms, 20 wherein the rotor surroundgthe columar shaft and the rotor is
surrounded by the stator. 17. The robotic armassenbly as clainmed in any
one of the preceding clains, further conprising electrical and service

| i nes houd&d wThbirobbticeahnldssembinas zlaimad ih atajit 48l rvetierein theofirst Ard col umar
shaft. 18. The, robotic arm assepbl clainmed in any one of the preceding
claims, WREPRY ArMS afes?%ﬁpé?a@i’?ﬁg@%”;'ﬁ%"%ﬁoxi mal and distal pivotal ends of
the first armis substantially equal to a distance between the proxi mal and

distal pivotal ends of 30 the second arm -18- 19. The robotic arm assenbly
as cl ai ne@0i n dheirabats: ammaeseemblyras ¢lpined imany oee ohthexpreseding alaims,

subst aptial ly .equa h, . elhe ro C arm gssenbl s clained in any
one of gt h& rﬁ%’@% #rbd% Bgfvv%enztgg fmﬂee}r @l %ﬁilwea%’@o@g@ém@Xw%‘f’emﬂnrt%'f'e%r m and
t he seconcht awige itie ahyie Hetwaemthal firstarmdand MeCSulisiantrig seaiget ween the first
armand the substantirally straight |ine.



