DRI VING APPARATUS FOR A ROBOT DESCRI PTION 5 The present invention relates

to afi apparatus for .driving a self-propelled robot. Figure 1

illustrates a conventional driving apparatus 10 enpl oyed in a robot.

The driving apparatus .includes a drive shaft 2 rotata ygoa-gtqué’a dot h
e

ends thereof to bracket nenbers la fixed to a bottom sur of a robot.
‘body . 1 of the robot. A drive wheel 4 is fixedly nounted on the
~drive shaft 2. A first gear 3 is also 15 - fixedly nounted on the

drive shaft- 2 at one side of the drive wheel ‘4. The first gear 3 receives
a‘drive force froma drive notor 5 so as to rotate the drive wheel 4. In

ot her words, the drive force fromthe drlve motorr 5 20 - is transmtted
tQ a wrmb5a integrally forned with an output shaft of the drive notor 5,

t hereby causing the worm 5a to rotate clockw se or anticlockw se.- By

t he ..-2-:roﬁatiqn of.thg gﬁgé&ﬁéhAgthﬂﬁﬁénraﬁgflRong:MMiCh .is

. . DESCRIPTION

The present ‘invention 'relates' to an apparatus for

driving a self-propelled robot.

Figure 1f.i11ustt§tes a §on§entipn§1 dri&ing apparatﬁs

10 employed in a robot. Qihé_d;ivipg appératué inciudes a
drive shaft 2 :otatably mbunﬁed at both ends thereof to
bracket memberslla;fixedﬂtb a bottom surface of a robot

body 1 of the:lf§bot, A drive wheel 4 is fixedly
.mountéd on.the_d;ivé §héf£ 2. A first gear 3 is also

15 | fixedly mounted on'tﬂé.drive shaft 2 atfﬁﬁe side of the
| drive wheel 4; The first gear 3 receives a drive fgrce
.fiom_a:drive:mptor_szso.ag to fdtaté the.driVe wheel 4.
In othe; words,;ﬁhé;dri§e_fqrée,frdﬁ the_dfive motoi_ 5
20 is trénsmitted  tona_wb;m_5a_integra11y formed with an
output shaft of gbg driﬁe mbtor 5,‘thereby'causing the

worm 5a to rotate clockwise or anticlockwise. By the



engaged with the worm53; is rotated. The rotation of worm wheel 7 causes
a.rotation of a second gear 6 which is concentrically fixed to the worm: -
wheel 7 and engaged 5 with the first gear 3. - As a result, the first
gear 3 rotates, so that the drive wheel 4 rotates to nove the robot
forward and backward. Since a plurality of drive wheels 4 are provided at

the 10- bottom surface of robot body 10, such a conventional robot
driving apparatus actually needs individual driving units for
driving the drive wheels 4. - As a result, t he conventional - robot
driving apparatus suffers - from the problem of being expensive to
15 manuf act ure because of its conphex overall construction and
conpli.cated assenbling work required. ere an overload -such as an

i npact is externaldya@nphi S tRe WOrh 09 i WrdfmapIREELUST, i t which is
directly 20 transmtted to. the drive notor. As a result, the drive

not or may be'fre@k?'agiddotwmiﬂﬁdewamrsa-seﬂ!er:eotasea, tfke wotatiendoft he
wor m wheel may be danmmged, thereby causing the robot to be disabl ed. i
worm wheel 7 causes a rotation of a second gear 6 which
is concentrically_fixed to the worm wheel 7 and'engaged
5 | ‘with the firstMﬁéaf'3{"Ks a result, the first gear 3

rotates, so that the drive wheel 4 rotates to move the

robot forward and backward. = .0 - _ .

Sihce a piurality of drive wheels 4 are provided aﬁ the

10: *”'bbﬁtom'”sﬁffabé of fobdt*bddy'lo,-.suéh a_conventional
' robot drivihé_ apparatﬁé' acfuélly:=needs individual
dii;ing iﬁnifs: fér driving “the drivelwheels 4. As a

fésuit; .'the cbnveﬁtiohai-'rObot drivingl apparatus
sﬁﬁfers '-ffom. ‘the :pféblem of beiﬁé*"expensive to

15  manufacture beéaﬁéé"df its.compleiioﬁefail-construction

and complicated assembling work required.

Where an overload such as an. impact is extefnally
applied to the robot diiving_apﬁaratus, it is directly__
20 ' '£ransmitted:to the drive'mofbf. 'AS a_reéﬁlt, the drive
ﬁotdr ﬁay be'fré&uéntly_out:bf'btdér. In severe cases,
the worm and the“_wo:m_whéel'may be damaged, thereby

causing the robot to be disabled.

L et :



-3- Therefare, the present invention has been nmade in view of the
above-tentioned problens encountered in the prior art and an object of
the invention is to provide a driving apparatus for a robot which is
sinple in 5 construction, thereby enabling its assenbly to be easy
and the manufacturing cost to be reduced. Another object of the invention
Is to provide a driving apparatus for -a robot - capable of coping wth
an 10 - overload such as- an inpact externally applied and achieving
- a precise operation. According to the present invention, there is provided
an+  apparatus for driving a self-propelled- robot, 15 conpri si ng:
a ring gear; nmounting neans to rotat-aldynunt the ring gear to a robot;
~a drive wheel rotatably coupled to the ring gear; di rection change
means arranged to Thereforehethe |p1gase;3armwenmcmthms dpeen mnde| inorview
- steering; “and drive neans for driving the 20 . drive wheel for
travel | i ng. -4- of the above—mentloned problems encountered in the
prior art_and an object of the invention is to provide
a driving- apparatus for a robot which is simple in’
5 constructlon, thereby enabllng 1ts assembly to be easy

- and the. manufacturlng cost to be reduced.

- Another object of the invention is to provide a driving
apparatus for a :robet ~capable of coping with an
10 overload such as an  impact externally applied and

achieving a precise operation.

According to the present invention, there is - provided

~an epperatus for driving a .self-propelled- robot,

15 - eomprising: a ring gear; mogntihg 'means;_to rotatably
| mount rhe ring gear.te_a robot; a_drive wheel rotatably
‘coupled to the ring _gear;_ direction change means
_arrengegr to_'rotéte__the ring gear_te_turn the drive

~ wheel for steering; aﬁd drive means for 'driving the

20 °  drive wheel for travelling.

pe
g
B,



An enbodi ment of the present invention will now be descri bed, by may
of exanple, with reference to Figures 2A to 9D of the acconpanying -

drawi ngs, in which: 5 Figure 1 is a partial sectional view of a
conventional apparatus for driving a robot; Figure 2A is a side -view
of a robot to which the present invention is applied; 10 Figure 2b is a"
bottom vi ew of the robot shown in Figure 2A; Figure- 3 is an exploded
- perspective view of a robot 15 driving apparatus in accordance with an
enbodi mrent of the present invention; Figure 4 is a sectional view. of
the robot driving apparatus in accordance with the enbodinment of the
20 present invention; -5- Figure 5 is a cross-sectional view taken
along the line A-A" of Figure 4; Flgu e- 6 is an exploded perspective -

view of *a drive an embodiment of the. present invention will now be
descrlbed, by way of.example, w1th.reference to Figures

' 2A to 9D of the accompanying drawings, in which:

5 Fiéuré'l'is'é”partialfééctiOnaliViéﬁ"bf'a conventional -

apparatus for driving a robot; = °

| >
Figure _2Af'i$i'a: side view of a robot to which the
'present inveﬁtibh;is abplied;: f =
10 | . |
Figure 2b is a bottom view of the robot shown in Figure
24;
' Figure;'s; is an’ éxplédéd péfsﬁéctive viewlof a robot
15 - driving apparatus in accordance with_an;:émbodimént of
the present invention; ‘
: o/

Figure;‘é is ' a Séctidnai'*view Toflthe:robot-driving_
- apparatus in accordance with the embodiment of the

20 present inveﬁtioni'“'”'“'



5 - wheel enployed in 7@accordance wth t he preésent invention;
Figure® 7 is a sectional view of the drive wheel, show ng an
assenbl ed condition thereof; 10 Figures 8A to 8C explain an initial
operation of the robot in which the robot driving apparatus in
accordance with the enbodi nent of the present ‘invention is enployed; and
15 Figures 9A to 9D explain a direction change operation of the robot in
whi ch the robot driving apparatus in accordance with the enbodi ment of
the present ‘invention is enployed. 20 Referring to Figures 2A and 2B, the
robot conprises -a robot body 10. A drive wheel 11 is nounted to the
bottom surface of the robot body 10 by -n#®ams of a shaft -6 lla (see

‘Figure 4). The drive wheel 11 can change its
: . ~Figure 5 is a cross-sectlonal view taken along the line

A-A’ of Figure 4;

Figure 6 is an gxplgded perspective view of a drive
-5 wheel employed in,;laqcoxdapcei with the - present

invention;

Figure 7 is a 5ec£;¢nél view of the drive wheel,
showing an assembled condition fherecf;7"
10 |
_Eigures_SA ﬁo_SCiexplaih_an initial _operation' of the
robqt ~in which the robot driving .apparatus' in
~ accordance with-ﬁhe_embqqiment of the present invention
| is employed; amd . -
ELE | | _
Figu:eé %A lto;9D gxpl§iﬁ a.directipn change'opération
.of the robot in which.the robot driving,_apparatus in
accb;dgpce_ﬁith.théﬁembodimgpt of the present invention
__i§'emp;oyed.;: |
20 ' |
. P Réfer:ing to FigurengA'énd 2B,-the robot comprises a
‘robot body 10. . A drlve wheel 11 is mounted to the

bottom surface of the robot body 10 by means of a shaft



Lhrectlon and can be driven formard and backward by virttue of '
/operations of a direction change unit 15 (see Figure 3) and drive unit 16

'g’(see ‘Figure 3) which wll 5 be described hereinafter. |In front of

the drive wheel 11, a pair of casters 12 are rotatably nounted to the
robot body 10, by nmeans of brackets fixed to the robot body 10 and
shafts  nounted to the brackets, respectively. 10 As shown in
Figures 3 to 5 a base plate 13 is attached to the bottom surface of-the
robot body 10. A cover nmenber 14 is rotatably nounted beneath and to
~the base plate 13. - The cover nenber 14 supports rotatably the 15
drive wheel 11 by neans of the shaft_lla nmounted to the cover nenber 14.
On the base plate 13, the direction change unit 15 is di sposed which

serves to change ihe qﬁéﬂ“ﬁiﬁhﬁ& a9 lgysposedwﬁghﬁlservesmﬂ%ﬁbé t&s

cover nmenber- 14, the driveunit 16 is

drive the drive whedlctibr WntRichranb hackuai d. forwd¥ drdie Wl didbirg | Sby
supported to the shaft 1l1a by neans of support brackets 25 and 26.

virtue of operations of a direction change unit 15 (see
' Flgure 3) “and’ drive unit 16 (see Flgure 3) whlch will
5 be descrlbed herelnafter. In front of the.drive'ﬁheei.
11, a pair of casters 12 a:e rotaiahifrmounted to the
robot body 10, by means of brackets fixed to the robot\\J.
body 'io_'énd shafts mounted ' to ‘the brackets,
fespeétively.* : N R ' - |
10 |
- As shown in Figures 3 to 5, a base plate 13 is attached
to thefhdttdeSﬁrféce of the robot body 10. A cover
'member_ 14 is rotatably mounted beneath and to the base
plate 13 The cover member 14 supports rotatably the
15 drive wheel 11 by means of the shaft 1lla mounted to the
cover member 14. ' On the base plate 13, the direction ‘
changé unit : 15 is disboéed'which serves to ehange theﬂwd.
directioh"df-fhé'dfive wheel 11. -Adjacent to the cover
' member 14, ﬁhe,drive-unit 16 is ‘disposed which servee
20 to drive the drive wheel 11 forward and backdard} | The
drive unit 16;is supported-to'the'Shaft 11a by means of

support brackets 25 and 26.



-7- The base plate 13 is a stepped ring nmenber having a central
operithg,” an inner ring portion, and an outer ring portion. Thecover
menber 14 is of a construction having a wheel covering portion receiving
the drive 5 - wheel 11 and a circular plate portion. The wheel
covering portion of cover menber 14 -upwardly protruds through the central
- openi ng of base plate 13. The cover nenber -14 al so has an annul ar. verti cal

. wall 14a which is .in contact wth the inner peripheraf edge of the 10 -

* base plate 13 deflnlng the central -opening so that the cover nenber 14 can

rbtate about the base plate 13. A'retainer 18 having a plurality of spaced
balls 18a is fitted in a space definedpbetween the |ower surface of 15
the i nner .ring portion of base plate 13 and the up surface of the
circul ar plate portihéh dHaseoriaterenber k512 smpwgempembqn hﬂgénﬁag
at its circular plat ortion 614giJraI|ty of r ot rusi ons 14b whi ¢
nmounts fixedly. Fleﬁ\}p Tl OPRRYTY ot h AT GhAe ROFH PR AR 20an oBter
set screws 17. The Jin 19 rotates _inte raI mnth t he
ronber 14 and has ALY (R FTRE REREE oA ofs of i BreeiftEbrrice
. having a wheel coverlng portlon rece1v1ng the ‘drive
.5 .;,_wheel 11 and a -c1rcular plate portion. The'wheel
coverlng portlon of cover member 14 'upwardly protruds
through the central openlng of base plate 13. The cover
=_,_membezl:' 14 also has an annular vertlcal wall l4a which
| . .is in contact w1th the lnner perlpheral edge of the
10 - base plate 13 deflnlng the central openlng SO that the

cover. member 14 can rotate about the base plate 13.

__Amretainer:18;haﬁing¥ahplnrallty of spaced-balls 18a is.
..fitted in a space defined between the lowerrsurface of_

15 the inner ring_portion of base plate 13 and the upper'
~surface of_thepcircnlar plate_portion of Lcover membex
,'14;_.The cover member 14 also has at its:circular plate
portlon a plurallty of protrusrons 14b~ which mounts

; flxedly a ring gear 19 to the cover member 14 by means -
2q};_f_9f set screws 17.} The r1ng gear 19 rotates integrally
nith- the cover member 14 and has a plurality of teeth-

“19a at its outer perlpheral surface._



/8 A pair of guide groeves 13c ‘and 14c are forned at the |ower surface
pf—-the inner ri'ng portion of base plate 13 and the upper surface of- the.

/circular plate portion of cover nenber 14, respectively. The guide
grooves 5 - 13c and 14c serve to gU|de balls 18a and prevent a
separation of the balls 18a. A magnet 21 is attached to the ring gear
19. For detecting a magnetic line of force generated-by the 10

magnet 21, a position sensor 24 is attached to the base plate 13 by neans
of set screws. The position sensor 24 detects the turn angle of the
drive wheel 11 by detecting the magnetic line of force fromthe
magnet 21. 15 The direction change unitg 15 conprises a DC notor 151 mhlch
rot ates nornally and reversely, and a wor m 153 fixedly nmounted on a notor

'Ehaft of the DC™ %Elr15§f TR RIoviche 186 ERIEN 45 hre? e at the
rackets  1-57 are 2 |xedly mounted to a pair of protru5|ons 155
extendi ng - lower surface of the inner ring portlon of base plate
- 13 and the upper surface of the circular: plate portion
“of cover member“i4;7fe§pe¢tive1y1 'jThef*guide ‘grooves-
5 13c’ and lac eerVeT”to “gui&e'baIISHIBafaud prevent a
separatlon of the balls 18a. - o | _
: o _ _ o | o
a haéhet Zi'is"attaéhea_:tb the Triné.lgear 19.  For
detecting a magnetic line of force generated-by the
.10 ' ﬁaéﬁet 21, a poSitioh'sensdr 24.is°attaéhed to the base
plate 13 by means of set écreﬁe}h'The'positioh sensor
24 detects the turn angle of the drive wheel 11 by.
' detecting the" magnetic ”line”of'foiée'from the magnet
21, R
15 - |
' The direction change unit 15 ccmprisesaa DC motor 151
which..rotateS' normally and'feverSely;tand a worm 153
'fiXedly.udunted'oﬁ a motor shaft of the DC motor 151.
"To support the'DC'motot 151, a{pair of brackets 157 are
'20 | flxedly mounted to a palr of protrusions 155 extendlng
from one’ 51de portlon of the’ base plate 13 by means of
set screws 156.pgThe dlreetlon_change-unlt 15 further_

comprises a - worm wheel 158 engaged with the worm 153 N



-from -one side portion of the base plate 13 by neans of set screws 156.
The di-r‘ection change unit 15 further conprises a worm wheel 158
‘engaged with the worm 153 -9 rotating according to the rotation of - DC
ntotor - 151. The worm wheel 158 has a smaller gear 158a engaged with the
teeth 19a of ring gear 19 so as to change the direction of the
drive wheel 11 A magnet 159 is 5 attached to an end of the worm
153 away from the DC notor 151. A revolution sensor 22 is fixedly
nounted to the base plate 13 by neans of set screws 23 such that it is
10 spaced an . appropriate . distance from the magnet 159 attched to
the worm 153. The revolution  sensot 922 senses a nmagnetic |ine of
force generated by the magnet 159 and thus revol utions of the worm 153,
according . to the ' drotdting deccodddindGontioe ddtiation cEnddCa mstghar 1551.
i ndi cative of the revolutions of the worm 153 to a controller (not
shown), to sense th&@heiwoxmgiteeet 158 has e smaklenigear 158a engaged with
the teeth 19a of ring gear 19 so as to change the
direction of the drive wheel 11. A magnet 159 is
5 . . attached to an end of the worm 153 away from the DC

‘motor 151. - -

A revolﬁtion_ sensor-zz.is.figgdly mguﬁted to the base
plate 13 by means of set screws 23 such that it is
;0 : spaced ~an appropriate;.distapée from the mégnet 159
'__attched'to thé wbrm '153.” _The -revolutidn sensor 22
sénses a magnetic line of force generéted by the magnet
159 and thus revolupioﬁélof thé_worm_153, accofding .to
the .driving_'of_ ﬁhe DC mbtor 151, and sends a signal
' 15 . indicative of_the revolution$_§f :the ‘worm 153_ to.-a
B . controller (not shown), to sense'the tuﬁh_angle of the.

~ - ~ drive wheel 11. | o -
The drive unit 16 whiéh  :Qtatés ‘the drive wheel 11
20 clockwise andf,ant;cléckwisé.£§:move the robSt forward
. o . aqd,backward cdmp:isesha DC”mg;px_;61 rotating normally
and -reveféely, and :a worm 162 fixedly mounted on a

motor shaft of the DC motprlisi. To support the DC



he drive unit 16 which “rotates the drive wheel -11 20 . clockw se
nd anticlockwi se to nove the robot forward and backward conpri-ses a.DC.
/motor 161 rotating nornmally and reversely, and a worm 162 fixedly

/ mounted on a notor shaft. of the DC notor 161. - To support the DC - -

£ 10 - notor 161, a bracket 165 is fixedly nmounted to one side portion of the

" cover menber 14 by neans of set screws 163. The drive unit 16 further
conprises a worm wheel 167 engaged with the worm 162, rotating according
to 5 the rotation of DC notor 161. The warm wheel 167 has a snaller
-gear 167a operatively connected mnth the shaft 1la of the drive wheel
11 so as to drive the drive wheel EBrnally and reversely 10 The
shaft 11 supporting the drive mheel “11%i § supported at. one end thereof by

the bracket 25 Wibehe! 364G bLaIRUR! 85005 BELUARG moBleEATo Une Wie |

circular - plate portion ns o

at the other endpbhes ghf ohythaeca{,gfkﬁ&ngérwﬂucﬁyi fiedns of 'gtfdl Yoo Rpnt €d

on the Iomer surface of the ¢ircu
163.  The drlve unlt ‘16 further comprlses a worm wheel

167 engaged w1th the ‘worm 162,' rotatlng -accordlng to

5 ”;'fthe rotatlon '6f DC motor 161. The”wofﬁ*wheel.167 has a

smaller gear 167a-operat1vely conﬁééﬁééawith the shaft
- 1lla of the dfive wheel 11.sb-as;to drive the drive o/
N Whéel'11*hbrmélly'énd'feversely; *-

10 '“The'shaft'II"sﬁpporting3the'drive wheel 11 is supported
at one ‘end thereof by the bracket 25 which is fixedly
mounted on the upper surface ‘of the circular plate
portion :of_ cover member 14 by means of set screws 25a
and at the other end thereof by the bracket 26 which is

15 "fixedly mounted'.cﬁ_'the'lower”éurface of the circular
plate portién of’co&ét member 14 by means of set screwé

26a.

' A cover 32 is attached to the’ loWe:*'sﬁrface of the
200 ' cover member 14 by means of set screws 33 and provided
with an opening 32a forfpartiaIIY”#eceiving. the drive

wheel 11.



-plate-portion of cover nenbér 14 by neans of set screws 26a. A cover 32 is

attached to the lower surface of the 20 cover - nenber 14 by nmeans
of set screws 33 and provided with an opening 32a for partially receiving
the drive wheel 11. As shown in Figures 6 and 7, the drive

wheel 11 conprises a first side plate 111 having an inner spline shaft
111a, and a second S|deplate 112 facing to the first side plate 111 and
coupled to the first side 5 = plate 11 in a fitted manner and by
nmeans of set .screws 115. The drive wheel ‘11 further conprises _a rubber
rimg 116 fitted around ‘both the outer peripheral surfaces of the
first and second side plates . 111 and.fj2. The rubber ring 116 serves to
enhance the grip of 10 “the drive wheel .11. The shaft 1la extends
t Hrough “axi al openimgs susami r aiﬂiy"ﬁfi_)gxmfdsa,ts_tm;ﬁl_rst atles@éedvd SwHeel 11
pl ates 111 and 112. A transmi ssion gear 118 is rotatably fitted in a
15 ~central - poMnnprxﬁesraafmmsmmbsddqpbaheellthmmimgrdhylnner spline
' shaft 111a,' and a- second 51de plate 112 fac1ng to the
”flrst slde plate 111 -and coupled to the first side
5 --_;Jplate 11 in a fltted manner and by means of set screws
.;'115.; Thevdrlvelwheel 1l._fnrthe: comp:;ses a rubber
< - . . ..ring 116 fitted . around _potn_ltne outer peripheral
. surfaces oﬁ.the*fi:st_and:second.side plates 111 _and
112, . Theirubber':ing_llS'serves_to;enhance the grip of

10 . the drive wheel 11.

.The-shaft'lla extends through axial openings centrally '
;formed at the flrst and second 51de plates 111 and 112.
A transm1551on gear 118 is rotatably fitted a
15 . . central portion of the,second_side_plate 112 outwardly
- of the second side plate 112. _The.:transmission .gear
118 - ‘is engaged-with.the smaller_cea:_167a of the worm
-wheel 167-mesnediﬁithithe_worm.IGZ of,the DC motor 161
j_so.'as .to,,rotate ﬂthe'drivelwheel ll,,cAtfirst clutch
20 . . member l20 is splinefconpled-to the transmission gear
. | 118 so as to transmit the-drive force_ofithe DC motor

161 to the drive wheel 11.



- of the second side plate-112. ~ The transnission gear 118 is engaged
with the smaller gear 167a of the worm -wheel 167 nmeshed with the mnrn1162
of . the DC notor 161 so as to rotate the drive wheel 11.. A first

clutch 20 menber 120 is spline-coupled to the transnlssLon gear 118
so as to transmt the drive force of the DC notor 161 to the drive wheel
11. - 12 - A second clutch nenber 121 'is spline-fitted in the

spline shaft 111a of the first side plate 111. @ The second clutch _
-menber 121 is resiliently supported by a spring .122 such that it can
slide along the spline 5 shaft 11la. By the spring 122: t he '
second clutch nenber 121 is__nornali¥ engaged with the flrst clutch
menber 120 so as to transnmit the drive force of the DC notor 161 to the

. drive wheel 11(§N§£Eé g éfﬁ%&hl e@é%grnféiy fgbjgéigg tf%ﬁgeaveihoaq pauch

as an i npact SPFI COnpres r ebyCausi ng

the second cl utchueiher ‘digdet O fiiéie 8rayeé O ribes18br latblsh . MaEReT

120. As a result a power transm ssion
second clutch member 121 1s re8111ently supported by a

spring'”lZZf'such 'that +1t--can-511dera10ng the spline

'5 shaft“liia; By ‘the sprlng 122, theWVSecond eélutch
 member T 121 normally engaged w1th the flrst clutch -
member ‘120 so as to transmit the drlve force of the DC \»
" motor 161 ‘to the drive wheel 11 “When' the robot is |
externally subjected to an overload ‘such as an lmpact,

10 the spring 122 is compressed, ' thereby cauSing.the
second clﬁtch member 121 td'slide away from the first
clutch member 120. - As 'a result, a power transmission
through the clutch members 120 and 121'is shut off.

15 For achieving a smooth roEetionfof the-&rive wheel 11,
" a  pair  of bushingst-123=”and' 124 - are'.provided at
respeétiﬁe ends of the shaft 11a. ' Outwardly of the
~bushings 123 -and"124,'waShers 126 and 127 are fitted
around both’ende'bf'the shaft 1la so as td”prevent the

20 shaft 1lla from"being=”separated.frothhe drive wheel

11. ©



‘through the clutch nmenbers 120 and 121 is shut off. 15 = For achieving a
snooth*rotation of the drive wheel 11, a pair of bushings 123 and

124 are provided at respective ends of the shaft 1la. Qutwardly of

t he bushings 123 and 124, washers 126 and 127 are fitted around both
ends of the shaft 1lla so-as to prevent the 20 shaft 1la from being
"separated fromthe drive wheel 11. - 13 - Qperation of the robot driving
apparatus- according to the present invention wi.ll now be described. Were
the robot operates at the state that the drive 5 - wheel 11 is
‘positioned at an optional position, for exanpl e, shown in Figure 8A,
the DC notor 151 of the direction change 1gi4 15.is driven until the magnet
21 attached to the outer peripheral surface of ring gear 19 is aligned
with t he position sepsoatiden af aﬂi‘ed:ohait Idriving feppesatys at @céSrdang to
shown in Figure 8B. As the DC notor 151 is driven, the worm 153 and the
worm wheel 158, enddgednesent hglmtﬁq:ssnri_lbtmve.be Bjescribed.

_Where _the..:obot operates_at the state that the drive

.5 wheel 11 is_positionedpat en optional position, - for
. example, ,showne.ihsFigure_SA, the.DC.ﬁotor 151 of.the
direotion_change_unit 15 is driven until the magnet 21
attached to the outer.peripheral surface of ring gear

19 is allgned w1th the p051t10n sensor 24 attached to

10 the base plate 13, as shown in Figure 8B.

As the DC motor 151 is driven, the worm 153 and the

- worm . wheel 153,-engaged_with_the worm 153, rotate. - By

~the rotation of the worm 158, the ring gear 19 rotates

15 because the teeth . 19a fotmed at the outer peripheral
surface of the ring gear 15 is engaged with the smaller

.- gear ;58a of the worm wheel 158. As a result, the

. cover member,14 coupLed_with-the ring gear 19 rotates,

so that the drive wheel.ll mounted to the cover member |

20 14 turns about the base plate 13.



/ﬂhe rotation of the worpri58, the ring gear 19 rotates 15 because the
jteeth 19a forned at the outer peripheral surface of the ring gear 19.is .
- engaged with the smaller gear 158a of the worm wheel 158. As a
result, the cover nenber 14 coupled with the ring gear 19 rotates, so
that the drive wheel 11 nounted to the cover nenber 20 14 turns about
the base plate 13. - 14 - Since the retainer 18, having a plurality of
balls 18a, is interposed between the base plate 13 and the cover nenber 14,
- the cover nmenber 14 and thus the drive wheel 11 can rotate snoothly
about the base plate 13. 1In 5 particular, the cover plate 14 can
rotate snoothly w thout rolling, bx_ﬁhrgye of the guide grooves 13c and _
14c respectively fornmed the- |l ower surface of base plate 13 and the upper
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Figure 8B, the;Rosiihi@RpeP’ between the base plate 13 and the cover
| member 14, the cover member 14 and fhus the drive wheel
11 can rotate émbothly "about ‘the base plate 13. 1In
5 particular, the'COveflplatéV'i4i;c5n“”rbtate smoothly
withbﬁt'rélling}iﬁy virtue-of”theiéﬁi&é%giooves 13c and
14c respe'c'tiv?ély formed the 16wer .surface of base plate ./
13 and the'7uppér*surféée'of“éOVéi member 14 to guide
the balls 18a; as“shdﬁn-in“FiguréﬁS;
10 | |
When the magnét 21 is aligned with the position sensor
24, ‘as ‘shown in Figure -SBjJ the position sensor 24
senses a magnetic line of fotée‘from the magnet 21 .and
'sends a signal to a controller (not;sh6wn). Under the
15 '~ control of the coniroller,. the DC motor 151 then
rotates reversély ‘80 .that the drivé'wheél 11 turns o
90° reversely to ‘be positioned at a reference -position
where it can'm6ve straight, as shown in Figure 8C.
éO' At this time, the 90° turn of the drive wheel 11 by
the DC motor 151 of directiqn_.change unit 15 .is
detected by .ﬁhe . revolution sensor 22-mounted to the

base plate 13. 'That is, the revolution sensor - 22



senses a nagnetlc line of -farce fromthe nmagnet 21 and.sends a signal to-
a conttoller (not-shown). Under the 15 control of the controller, :
the DC nmotor 151 then rotates reversely so -that the drive wheel 11
turns 90 reversely to be positioned at.a reference position where it can
~nove straight, as shown in Figure 8C.. 20 = At this time, the [err] turn
~of the drive wheel 11 by the DC notor 151 . of. direction change wunit
15 is detected by the revolution sensor 22 nounted to the base plate
13. That . is, the revolution sensor 22 detects a magnetic |ine
of force generated by the magnet 159 nounted to the end of the worm 153
-away fromthe DC notor 151 and sends gscerresponding signal to the

controller which, in turn, detects ‘the [err] turn 5 of the drive _
wheel . 11. Once theddteweswhaelmhgneslposﬂunenedfaﬁombe r gemenadeddy t ithe
~according to the operation of the direction change wunit 15, it can '

nove forwards and bmagnetdd59lountedctor dihegend oife the Wormn 153 @way from

. other words, as the DC notor 161 is driven, the worm
the DC motor 151 and sends a correspondlng signal to

the controller,which, in turn, detects the 90° turn .

'5 . of the drive wheel 11.

" : - Once the drive wheel 11 is positioned at the reference
{ _position,_according to the operation of the ‘direction
h-'change_,unit 15, it can move_forwards and backwards,

10 __according to the drive unit 16.

:In other words, as . the DC motor 161 is driven, the worm
162 and the worm wheel 167, engaged w1th the worm 162, -
rotate.' By the rotation of the worm 167 the smaller

15 - gear 167a fixzed to the worm wheel 167 rotates, so that
the ‘transmission gear 118 engaged with the smaller gear
'_j167a rotates. gAsgla result, the first cﬁhtch member

120 spl;ne-coupled. to- the transmission gear 118

. rotates. By' the rotation ot,the first clutch member

.20 : t120, the second clutch 121, engaged with the first_
A - clutch member 120 rotates, thereby caus;ng the spllne:

shaft_llla to rotate.g rConsequently, the first and



/162 and the morntmheel-i67 engaged with the worm 162, rotate. By t he
/rotation of the worm 167, the smal ler 15 gear 167a fixed to the mmrn1
/ ‘wheel 167 rotates, so that the transnission gear 118 engaged with the
" smaller gear 167a rotates. As a result, the first clutch nmenber 120

spline-coupled to the transm ssion gear 118 rotates. By the

rotation ...of the first clutch nmenber 20 120, the second clutch 121,°
engaged with the first clutch nenber 120 rotates, thereby causing the
spline shaft 1l1la to rotate. Consequently, the first and - 16 -

second side plates 111 and 112 rotate to nove the drive wheel 11 forwards
or backwards. When an overload such S an inpact is externally 5
applied to the drive wheel 11, the se d clutch nmenmber 121 slides away
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clutch nenber- %ﬁhél f15¥3¥¥g¥3g tqgég?é}dgu clutch 10 menber 120,

SO that transntsS|on of an exceSS|ve

When an ovéiloa&._suéh as',énfjimpéct:.is externaliy |
5 applied to the d:ive wheél"li;'fﬁézséépnd'clutch member
121 slides away from the firsfn clutch member 120
‘against ' the ‘spring "fbrc’:e” of ‘the spring 122 while ™~
_.compre551ng the sprlng 122. 'Acéoidiﬁgly} ~ the second
clutch - member 121 is’ dlsengaged from the flrst clutch
10 member 120, so that transmission of an éxcessive 1oad._
to the wbrm wheel 167, the ﬁorm 162 and the DC motor
161 via the first clutch member 120 is shut off. As a
result, the drive '.-wh'e_'el 11 idles.
15 ~  sSince no éxcessive force can beetgghsmitted to the worm
wheel 167 and the DC ﬁotor 161, it is possible to avoid‘\J

a failure caused by a damage to -the gears.

'A direétion change fcifturningileft'Or right the drive.
T 20 | wheel 11eis'achieved'by detecting revolitions of the
worm 153”caﬁSed'by’the 6peratioﬁ”oﬁ the DC motor 151 of
the directioﬂ; change unit 15 and 'tﬁeh contrqllingl

revolutions of the DC motor 151, based on the detected



to the- wormwheel 167, the worm 162 and the DC notor 161 via the first
‘clutch*nenber 120 is shut off. As a - result, the drive wheel 11
idles. 15 Since no excessive force can be transmitted to the worm wheel
167 and the DC notor 161, it is possible to avoid a failure caused by a
‘damage to the gears. A direction change for turning left .or right the
drive 20 - wheel 11 is achieved by detecting revolutions of the worm
153 caused by the operation of the DC notor 151 of the direction change
unit 15 and then "controlling revolutions of the DC notor 151, based on
the detected - 17 - revolutions of the worm 153. "That is, the"
revolutions of the worm 153 are sensed-by7the revol ution sensor 22 which,
in turn, sends a corresponding detect signal to the controller (not

shown) . Based . on révslutlbiestot the woimnes3. t hehavnispl the ceavbhsibhe
revolutions of the DC ‘notor 151. Thus the fobot ‘body 10 can turn through
a desired angl e,  as achovihe wdrmgl®3 &@etse:%bdﬂbjzetheurhvaldtrent sensor 22
change is conpleted accordlng to

- which, in turn, sends a correspondlng detect 51gna1 to
- the controller (not =shown)._r Based on the detect
5 .-signal, thercontroller cohtrols the revolutions of the

. DC . motor 151.° Thus ‘the robot body 10 can turn through

o, o a des;red angle,_as shown in Flugres 92 to 9C.

-_Afterusuch a direction change is completed'éccording to

10 lthe{,operaﬁionw of the direction change unit 15, the
drive wheel 11 is positioned at . its initial drive
position where. it.oan move forwards and backwards, as

- shown  in Figure 9D.

15 ._: As apparenr' from  the above -descriptior, the robot

. :driving ‘appartus - according to the present invention
~ . controls a single drive wheel so that the robot can
- move-forwards and backwgrdsrand chapgefi#s direction iﬁ
sright aﬁd left.'__Acoordingly,_ the . robot driving.

20 'apparatusacanrdrive¥the robot:accurétoly-and yet have a
simple coﬁstruction, The simple construction makes_ it

‘possible to provide for easy assembly and thus an



10 . the operation of the direction change uni-t 15, the drive wheel
11 is positioned at ‘its initial drive position where it can nove.-
forwards and backwards, as shown in Figure 9D. 15 As apparent from
the above description, the robot driving appartus according to the
present invention controls a single drive wheel so that the robot can
nove forwards and backwards and change its direction in right and Ileft.
Accordingly, the r obot driving 20 apparatus can drive the robot
accurately and yet have a sinpl-e construction. The sinple construction
makes it possible to .provide for easy assenbly and thus an

| mprovenent in working efficiency. As__.a result, the manufacturing cost
can be considerably reduced. VariouS 6§rfornance tests for the driving
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been assenbl ed into a single uni cor t he“overal

tests can be fafhekctAcihg/edst cah'pCEBRA3BEEALIY aduddif P esent
invention, a power transm$sion is acconplished by dse of a o
spring-loaded -~ =~ = - ol S S S

Véridﬁs:performaﬁée,testé for'ﬁhé;driving-apparatus caﬁ
5 ‘be made ﬁnder"a'COnditidn-thét'the apparatué has been_'
IASSembled intBJaisiﬁgle”ﬁﬁit.~'Agééfdihély, tﬁe overall
characteristic  tests can be'~eaSilyf achieved.  In \/
accordange --with the present invention,- a -poﬁer
'_frénsmission_is'accoﬁplished=by'dse*cf.a spring-loaded
‘10 clutch:-meéhaniém. . "When' an overload is -exteinally
' applied to the driving apparatus, the clutch mechanism
'sﬁntsf off a power transmission by virtue of the spring
- compresséd by the applied excessive  load. it is
possible .to prevent a failure due to a démage of
15 transmission means and thus lengthén”its_useful life.
L o L ' N
.Having described“spécific preferred—embodiments of the.
inveﬂtion ,Wiﬁh’;eféfenCe‘to the accompanying drawings,
‘it is to .bé";undérstoéd that the invention is not.

20  limited to those precise’ embodiments. -
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15

tran

descr.i bed' mﬂmﬁ
.to the acc yi ng
-invention

CCLAIMS 1.

5

-clutch nmech
t he drivi-ng apparatus, the clutch nechanismshuts off a power

transm ssion by virtue of the spring - conpressed by the applied-
exceSS|ve~—#Uad“—‘—T"~—s pOSSIb|e to prevent a failure due to -a damage of

is not
An ap

~a ring gear;

anism ~Mhen an overload is extefnally applied to

nd thus lengthen-its useful life. Having
- “enbodi nents of the invention wth reference
aw mgs, it is to be wunderstood that the
20 limted to those precise enbodi nents. - 19 -
paratus for driving a self-propelled robot, conprising:
mounting nmeans to rofigtably nount the ring gear to a

robot; a drive wheel rotatably. coupled to the ring gear; direction
change means arranged to rotate the r|ng gear 10 to turn.the drive:
wheel for steering; and 5 _ ' o S
CLAIMS
'1.-ea_Ane.apparatus for;driging a self-propelled robot,
comprising: |
5 '_-a-ringggear;
A ~mounting_means to rotatably mounp-the_:ing” gear to a
robot;
B a drive,wheel' rotatably coupled to the ring gear;
direetion change meane-arranged,tp_rotateethe ring gear
10 to turn:theedrive;wheel for stee;ing; and
| _;-drive_:_heans ~ for driving < the drive wheel for
ﬁravellih§.  |
2. An:appefatﬁs_ for driving a seif-propelled robot
l15 “according to claim 1; whérein _fhe ﬁouhting means
~  includes a ball bearing. .
. 3. . An epparatus foi driving a seif-propelled fobot
according to, claim 1 or 2, whereln the drive wheel
e - 20 includes'clutCh means for automatiqally-disengaging the

drive wheel from the drive means in the event that the



fdrive means
/ An appar at us

N

for driving the drive wheel for travelling. 2.

/ claim 1,
} appararus

2, mher
di sengawl‘m

In a

backmards and changing its direction,

conpri si ng:

robot: a cover

menber HHMamyrmmn

Platei a Ting gege: digPaiedeatoLs sh@ogaaepskamaw wtdotng to the

10

15

20

drlve means.

for driving  a.self-propelled robot 15 ...according to
wherein the nounting nmneans includes a ball bearing. 3. An
for dr|V|ng a self propel |l ed robot according to claim 1 or
includes clutch neans for automatically
nmls'““ eeI from't he drive neans in the event that the

s subpsect to a force potentially danaglng to the drive neans..
sel f - propel | ed robot capable of noving 5 . f orwar ds
an apparatus for driving said robot -
a base plate for flxedéé mounting on a robot body of the

beneath and to said 10 base

and

4. In fa*'self;propelléd” rdbbtficapable of moving

forwards' and backwards and changlng 1ts dlrectlon, an

' apparatus for driving said robot comprlslng'

a base plate “for fixedly mountlng ‘on avrdbot bedy of

the robot:

a ‘cover member rotatably mounted-beneath and to said

base plate;

a ring gear disposed above the*base-plate and fixedly
mounted on'saidfcover nembef te-rotate integraily with
the cover members; | _

a drlve wheel mounted to a 1ower portlon of the cover

'plate by a shaft rotatably mounted to sald cover plate

lower portlon,'

direction change means for rotating said ring gear to

turn said drive wheel; and

~drive means for driuing:the"drive wheel- forwards and

backwards.

</



mount ed on said cover nenber to rotate integrally with the cover -nenbers; a
drive. “wheel nounted to a | ower portion of the cover 15 pl ate by a shaft
rotatably nounted to said cover plate |ower portion; direction change
means for gear to turn said drive wheel; and drive -
rreans for Iﬂlﬂ"ll”lmum l“ wheel -forwards and 20 - backwards. - 21 -
' “apparatus M I *accordance with claim 4, conprising a
retalner i nterposed between said base plate and - said cover nenber and
adapted to make the cover nenber rotate snoothly when said direction change

57 means operates, said retainer having a plurality of balls. 6.
An apparatus in accordance with claim5, 2sherein said base plate and-
said cover nenber have at their 10 “facing surfaces gui de grooves for .

gui di ng said_balfs_St_theAmetam@amatus in accordance with claim 4,
_compfis;ng. a. retainer_ interposed_ between said-base
plate and said cover member and .adapted _tc' make the

. cover member rotate smcothlj when said direction change
5 meanS-operates; said retainer having a plurality of

balls.

6. An apparatus in accordance w1th clalm 5, whereln
said base plate .and said cover member have at their
10 'fac;ng surfaces guide grooves for guiding saidealls'of

the retainer.

7Q:f_'An apparatus in accordance with claim 4, - wherein

- said drive wheel comprises: o |
'_15_ . a first side plate. having ‘a central .spline shaft

- integ;ally ﬁormed thereﬁith; |

a second side'piate coupled to said first said plate;
.a'rubber_ring'fitted-aronnddcuter peripheral surfaces
of said -first' and second 'side plates coupledj'said
20 _'rubber ring belng adapted to enhance a frictional force

| of said drive wheel-

a flrst clutch adapted_po :eceive a rotation force.fron

. said drive means via a transmission gear; and



7. An apparatus in aceordance with claim4,- wherein said drive wheel
conprises: 15 a first side pltate having a central. spline shaft '
integrally faorned therewith; a second side plate coupled to said first said
plate; a rubber ring fitted around outer peripheral surfaces of said

fi rstummnmm de plates coupled, said 20 rubber ring being
adapt &"ﬂrlctlonal force of said drive wheel; a first clutch
adapt ed to recdivé a*rotation force fromsaid drive means via a

transm ssion gear; and - 22 - a second clutch slidably nounted on sald
spline shaft of the first side plate and resiliently engaged with said

first clutch by a spring so as to shut off a transmssion of an
external overload to the drive 5~ 22 \theel . 8.- An apparatus-in

accordance with claim4, erein s, dlrectl change. {re C rj . a
- DC motor rotating ﬁ"(ﬁcr?é!q ?‘S’r&ﬁ?é}éiag? _ ot B " Ep1inET sRA T
" of the first side plate aﬁd’fééiliently engaged with
said first clutch by a spring so as to shut off a
transmission 'ofé an' external overload to the drive

5 wheel.

8. An apparatus iﬁ accordance with claim 4, wherein </
said difedtiQn change mééns c6mprisés:
a DC motor rotating nbrmally'and'réﬁersely;
10 'a worm integrally formed a motor shaft of said DC
motor;
brackets"fiXedly respectively mounted to protrusions
pfotruded'ffoﬁ”bhe sidé portion3"df” said base plate,
said brackets suppbiting'séid DC motor; : -
15 a worm gear ehga§ed with said'worm'rbtating acCordinQ
to the roﬁationiof'the DC motor, said*wbrm géar having
a smaller gear engagedlwith:teeth'féfmed at an outer
 peripheral surface of said ring'gear oa to change a
_'direction_of.séid drive wheel; and
20 © a ‘magnet ' attached to an end of the worm away from the
DC motor and adapted to:generaté' a".ﬁégnetic: line of

force which is to be sensed by a revolution sensor



10 . a wormintegrally formed a notor shaft of said DC notor; _
br ackets: ffxedky—r§§ﬁ§61|vely nnunted to protrusions protruded fronlone

si de portlo sai d brackets supporting said DC notor; 15
a vvorm gea ‘!g%@““iﬁ\m“m d vvorm rotating according to the rotation of _
t he - mgear having a smaller gear engaged with teeth
forned at an outer,perlpheral surface of said ring gear o a to change a
direction of said drive wheel; and 20 a magnet attached to an end of
the worm away fromthe DC notor and adapted to generate a magnetic |ine
of force which is to be "sensed by a revolution sensor - 23 -
attached to the base plate so as to sepge- revolutions of the DC notor. 9.
-An apparatus in accordance with claim4, . wherein 5 said drive neans
Conprises: a DC noaetathbdt ikdgther nsabbypaader sveaselty, sense Mrevilagidngy
formed a notor shaft of said DC

: of the DC motor.

9. An.apparatus in accordance with claim 4, wherein
5 said drive means comprises: | | |

a DC mot§r rotating.norma11y and fé#érsély;

a worm -integrally formed a motor shaft of said DC

motor;

‘a bracket fixedly mounted to one side portioh of said
10 | base plate by set sc;eﬁs and adapted.to support said DC .

motor; and ' )

a worm geér engaged with said worm .rotating accofding

to the rotation of the-DC'motor, said worm gear having -

a gear operatively connected to said shaft of the drive

5 wheel so as to drive the drive wheel.

10. An apparatus'in aécordance_with claiﬁ 1, wherein
-said .ring gear is attached with a magnet generating a .
ﬁ;gnetic line of force which is to "be -.sensed by a
20l position ' sensor attached .tp said base pléﬁe so as to

, | ' sense an initial position of said drive wheel.



notor; a bracket fixedly-munted to one side portion~.of = said 10 . .base
plate by set screws and adapted to support said DC notor; and a worm Jear .
engaged with said wormrotating according to the rotation of the DC notor,
sai d wor m gear—having—a gear operatively connected to said shaft of the

drive 15 rive the drive wheel. 10. = An apparatus in
accor dance V\“ Hmmﬂﬂ ein said ring gear is attached wth a nagnet
generating a d CH force which is to be sensed by a 20 :

position sensor attached to said base plate so as to sense an initial
position of said drive wheel. - 24 - 11. An apparatus substantially
as. herei nbefore described MAth'refergch'to Figures 2A to 9D of the
‘acconpanyi ng-dr aw ngs. - _

An  apparatusf substantially ~‘as - hereinbefore

gures 2 to 9D of the'

1.

" described with reference to Fi

accompanying drawings.



