TI TLE OF THE | NVENTI ON OVERLOAD SAFETY APPARATUS FOR
ROBOT HAND BACKGROUND OF THE | NVENTI ON Fi el d of the
I nvention The present invention relates to a safety
apparatus when an overload is exerted to a robot hand
of a robot. Related Art In the related art, an
over |l oad safety apparatus in which a robot hand and a
nountin ortion thereof are joined so as to be
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stopped by the detection signal, so that the robot
hand and the robot body are protected from the
overload is used as the safely device. SUWARY OF THE
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In the related art, an overload safety apparatus in which
a robot hand and a mounting portion thereof are joined so as to
be capable of moving via a link mechanism or the like, the
displacement of the robot hand due to the overload is detected
by a sensor, and a robot body is stopped by the detection signal,
so that the robot hand and the robot body are protected from

the overload is used as the safely device.

SUMMARY OF THE INVENTION

The safety apparatus in the related art is low in
flexibility since the range and direction of displacement of the
robot hand is limited, and is expensive to obtain high
flexibility because upsizing and increase in weight of a link
mechanism or the like are inevitable.

When an overload exceeding a movable range is exerted
to the robot hand, collision or damage of members is resulted

and the robot body is subjected to a serious damage, so that



required for the maintenance thereof. The present

i nvention provides an overl oad safety apparatus which
is reduced in size, weight and cost, and functions
effectively for an overload exerted to the robot hand.
In order to achieve the invention, the invention
provides an overload safety apparatus for a robot
hand énpl oying a configuration in which the robot
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mounting portion of the robot hand, and a configuration in
which a shaft projecting from one of the first and second
magnetically attracting bearing faces is fitted into a hole or
groove opening on the other one of the first and second
magnetically attracting bearing faces, so that the robot hand is
movable in the lateral direction, the vertical direction or the
fore-and-aft direction against the magnetically attracting force
via the fitting between the shaft and the hole or groove by the
overload exerted to the robot hand.

For example, the hole or groove is formed into a
vertically elongated hole or groove extending in the direction
intersects with the lateral rotating direction so as to allow the

robot hand to move in the vertical direction against the

magnetically attracting force in the longitudinal direction of



the el ongated hole or el ongated groove by a vertica
overload exerted to the robot hand, or to be inclined
forward or rearward against the magnetically
attracting force in the direction in which the second
attracting bearing face noves apart fromthe first
magnetically attracting force by the overload in the
fore-and-aft direction, that is, to be inclined
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In addition to the configuration described above, a load
receiving portion for receiving the load of the robot hand by
supporting the lower end of the second magnetically attracting
bearing face at the lower end of the first magnetically
attracting bearing face is provided for supporting the robot
hand by the load receiving portion and allowing the robot hand
to rotate in the lateral direction, to move in the vertical
direction or to incline in the fore-and-aft direction.

As means for providing the magnetically attracting force
to the first and second magnetically attracting bearing faces,
the invention provides a configuration in which first and
second mounting bearing faces themselves which form the
attracting bearing faces are formed of magnet, or the first and

second mounting bearing faces are formed of metal plates



3 (magnetic plates), and magnets are uniformy
enbedded in one or both of the bearing plates (both
bearing faces) so that a wuniform mgnetically
attracting force is provided to both bearing faces.
As an preferable exanple, the invention provides a
configuration in which a ower half of the first
magnetically attracting bearing face or a |ower half

O{Tmhlgmﬁécl?ﬁtegygﬁﬁd mMhbnetstdrs unifoPridy embedded in one
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functlon for the overload exerted to_the
mounting bearing plate is formed of magnet, or is provided

with magnets embedded therein so as to provide the
magnetically attracting force to the lower halves of the both
attracting bearing faces and not to provide the magnetically
attracting force to upper halves thereof.

Furthermore, the invention provides a configuration in
which the load receiving portion by itself is formed of magnet,
or a configuration in which the load receiving portion is
formed of a magnetic body and is provided with a magnet
embedded therein to provide the magnetically attracting force
for magnetically attracting the lower end of the second
magnetically attracting bearing face (second mounting bearing
plate).

According to the overload safety apparatus for a robot
hand, an effective function for the overload exerted to the

robot hand in the lateral direction, the vertical direction or the



robot hand in the lateral direction, the vertical
direction or the 4 fore-and-aft direction is achieved
by a configuration reduced in size, weight and cost
inasinplified structure in which the first and
second nounting bearing plates are magnetically
attracted to each other and supported by the shaft.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
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which the robot hand is rotated by an overload in the
|ateral direction. Fig. 6 is a cross-sectional view
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robot hand is inclined toward the rear by an overl oad,
in the Fig. 2 is a front view showing a state after mounting the

robot hand through magnetic attraction.

Fig. 3 is a cross-sectional view showing a state after
mounting the robot hand through magnetic attraction.

Fig. 4 is a perspective view showing an example of
arrangement of magnets.

Fig. 5 is a front view showing a state in which the robot
hand is rotated by an overload in the lateral direction.

Fig. 6 is a cross-sectional view showing a state in which
the robot hand is moved by an overload in the vertical
direction.

Fig. 7 is a cross-sectional view showing a state in which
the robot hand is inclined toward the front by an overload in
the fore-and-aft direction.

Fig. 8 is a cross-sectional view showing a state in which
the robot hand is inclined toward the rear by an overload in the

fore-and-aft direction.



fore-and-aft direction. 5 Fig. 9 is a cross-sectiona

vi ew showi ng an exanple of a hole or groove to which

a shaft is fitted. Figs. 10A and I OB are front views

of other exanples of a |oad receiving portion.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring

nowto Fig. 1 to Fig. 10, a best node for carrying

out the present invention will be described. As shown

in Fig. Figt @ i @ cBoss-saotionaduvie wyshewingyanpexaemple of a
is provided on an arm 1 of a robot body, for exanple,

bholetdraghooyei 1o Wieicteat shaft @ fétteidon, and the front
surface of the first nmounting bearing plate 2 is
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face 3 the other hand, a robot hand 4 includes a

dioad recelivin W}ﬁ@na drive mechanismfor an end
effecter 6 represented by a chuck integrated therein,

and - the end effecter 6 extending fromthe drive unit
7, for exanple, downward, and acts on a work 5 by,
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plate 2 is provided on an arm 1 of a robot body, for example, by
attaching in the vertical direction, and the front surface of the
first mounting bearing plate 2 is provided as a first
magnetically attracting bearing face 3.

On the other hand, a robot hand 4 includes a drive unit 7
having a drive mechanism for an end effecter 6 represented by
a chuck integrated therein, and the end effecter 6 extending
from the drive unit 7, for example, downward, and acts on a
work 5 by, for example, opening and closing the end effecter 6
by the drive unit 7.

A second mounting bearing plate 8 is integrally provided
on the rear surface of the drive unit 7 of the robot hand 4, and
the front surface of the second mounting bearing plate 8 is
provided as a second magnetically attracting bearing face 9.

The second magnetically attracting bearing face 9 is

caused to be magnetically attracted by the first magnetically



caused to be magnetically attracted by the first
magnetically 6 attracting bearing face 3, so that the
robot hand 4 is nounted and supported. In other

wor ds, the second magnetically attracting bearing
face 9 provided on the robot hand 4 is caused to be
attracted by the first magnetically attracting bearing
face 3 provided at the nounting portion of the robot
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robot hand 4 to rotate Ln er al
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inclin in the fore-and-aft,direction, In.addjttion _
e an diadditiencia Jgsusepfaguﬁasmé&emage% above, a load
receiving shelf 12a is provided so_as .to protrude fro
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to formthe |load receiving portion 12 as shown in ]

by. suppertingwnthe toyen ppd ot thenesceongagmagnetically
receiving pin 12b is provided so as _to protrude from .
tatéraoving dearihg facei (thre lovwer iend ebithegspcand mounting
to formthe |oad receiving portion 12. i .
bearing plate 8) at the lower end of the first magnetically

attracting bearing face 3 (the lower end of the first mounting
bearing plate 2) is provided, so that the robot hand 4 is
supported by the load receiving portion 12 to allow the robot
hand 4 to rotate in the lateral direction, to move in the vertical
direction or to be inclined in the fore-and-aft direction.

In addition, as an additional structure, an L-shaped load
receiving shelf 12a is provided so as to protrude from the lower
end of the first mounting bearing plate 2 to form the load
receiving portion 12 as shown in Fig. 1.

As shown in Fig. 2 by a dot line, a load receiving pin 12b
is provided so as to protrude from the lower end of the first
mounting bearing plate 2 to form the load receiving portion 12.

As shown in Fig. 10A, the lower end of the elongated

hole or the elongated groove 11 is opened by a wide opening



As shown in Fig. 10A, the |lower end of the el ongated
hol e or the el ongated groove 11 is opened by a w de
opening 7 portion 13, and the inner surface of the
wi de opening portion 13 is supported by a spherical
surface of a spherical block 12c protruded fromthe
| ower end of the first nmounting bearing plate 2 or,
as shown in Fig. 10B, the inner surface of the w de
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9, the invention provides a configuration in which one or both
of the first and second mounting bearing plates 2, 8 by
themselves are formed of magnet or, as shown in Fig. 4,
magnets 14 are embedded uniformly in one or both of the first
and second magnetically attracting bearing faces 3, 9 (first and
second mounting bearing plates 2, 8), for example, the first
magnetically attracting bearing face 3 (the first mounting
bearing plate 2) to provide a uniform magnetically attracting
force to the both bearing faces 3, 9.

As a preferably example, the invention provides a
configuration in which the magnets 14 are embedded in the
lower half of the first magnetically attracting bearing face 3
(the first mounting bearing plate 2) or in the lower half of the
second magnetically attracting bearing face 9 (the second

mounting bearing plate 8) to provide a magnetically attracting



(the first nmounting bearing plate 2) or in the |ower
hal f of the second magnetically attracting bearing
face 9 (the second nounting bearing plate 8) to
provide a magnetically attracting 8 force to the

| oner hal ves of the both attracting bearing faces 3,

9, and not to provide the magnetically attracting
force to upper halves of the sane. As an exanple, the
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The magnets 14 to be embedded are known disc-shaped
magnets, and a plurality of magnets 14 are arranged.

When the load receiving portion 12 is formed of the load
receiving pin 12b, it is preferable to form the load receiving
pin 12b by itself of magnet.

The magnets 14 demonstrates its magnetically attracting
force at the end surfaces thereof on the surface of the first
magnetically attracting bearing face 3 or the surface of the
second magnetically attracting bearing face 9.

Furthermore, the shaft 10 is provided so as to protrude
from one of the bearing faces of the first and second
magnetically attracting bearing faces 3, 9, for example, from

- the first magnetically attracting bearing face 3 of the first

mounting bearing plate 2. In other words, the shaft 10 is



fromone of the bearing faces of the first and second
magnetically attracting bearing faces 3, 9, for

exanple, from the first nagnetically attracting

bearing face 3 of the first nounting bearing plate 2.

In other words, the shaft 10 is 9 protruded forward
fromthe first nounting bearing plate 2, and the hole

or groove 11 opening on the second magnetically

aprotraxded) foeavard frem the finstavicdmiting bearingeplate 2, and
bearing face, for exanple, on the second nounting )

bitee ilngle! er eg@ooared 1heoperdhtg 16ni thel isgrexhdv nhaghetically

interior of the hole or groove 11 so as not to be

caredteing buating face tedsvpidvidedl onvie otherdseating face,

be novabl'e in any directions, or fitted |oosely so as

tfobexampie! on thid'gevond sabuditiagt bearifenplatd B, and the
speaking, the shaft 10 is fitted to the hole or
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rotate in thedateral direction, to nove in
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direction against the magnetically attracting force via the
fitting between the shaft 10 and the hole or.groove 11 when an
overload which is larger than the magnetically attracting force
is exerted to the robot hand 4. In other words, the robot hand
4 is caused to rotate in the lateral direction, to move in the
vertical direction, or to be inclined in the fore-and-aft direction
while holding attraction by the magnetically attracting force.

The invention provides a configuration in which the
robot hand 4 is rotatable in the lateral direction about the
cylindrical shaft 10 as a fulcrum by aligning the cylindrical
shaft 10 with the cylindrical hole 11.

The invention provides a configuration in which the

robot hand 4 is capable of rotating in the lateral direction,

moving in the vertical direction, and inclining in the
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cylindrical shaft 10 as a fulcrumby aligning the
cylindrical shaft 10 with the cylindrical hole 11.

The invention provides a configuration in which the

robot hand 4 is capable of rotating in the latera

direction, noving in the vertical direction, and

inclining in the 10 fore-and-aft direction about the

shaft 10 as a fulcrumwithin the range of the

aforevande affy direstionfaboutgtheeskaft t1 s i fulchum within
hol e or groove 11. As shown in Fig. 2 and Fig. 9, the

hdiee ranggr ofvihel hllowamte oy lpomely fittéhgngee eshaft 10 into

the vertical direction so as to intersect with the

oh]mehbl@mrogrd;gt@rp] rotation, so that the shaft 10
I's capable of relatively noving |longitudinally of the
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will be given here. shown i m thé draw ngs, t
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Wowh' of th d%\?vvl%ngse the lateral movement of the cylindrical

shaft 10 (the lateral movement of the robot hand 4) is defined
by the inner surface of the hole or groove 11 and the rotation
about the shaft 10 is allowed.

By determining the width of the short side of the
vertically elongated hole or groove 11 to be substantially the
same dimension as the outer diameter of the cylindrical shaft
10, the mouﬁting position of the robot hand 4 is determined and
mounting at a position displaced in the lateral direction is
prevented.

In a case in which the load receiving portion 12 is
provided, setting of the mounting position of the robot hand 4
is easily and reliably achieved in cooperation with the
definition of the position by the fit to the hole or groove 11
while defining the position of the lower side of the mounting

bearing plate 2 on the side of the robot hand 4 by the load
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In a case in which the |load receiving portion 12 is

provi ded, setting of the nounting position of the

robot hand 4 is easily and reliably achieved in
cooperation with the definition of the position by

the fit to the hole or groove 11 while defining the
position of the |ower side of the nounting bearing

plate 2 on the S|de of the robot hand 4 by the | oad
recedvangiporident 1dn 12. As shown in Fig. 5, when a

| ateral overload WI which is larger than the

magnet i A&l shown incFiggSt ovhen a kateraboverload Wabwhich is
hand 4, the robot hand 4 rotates leftward or rightward
dgagest tham thegymagnetigaHyt mdtractingofoecabisuiexdrdéed to the
shaft 10 as a fulcrumwhile maintaining the

agbet tamd {4y theardbaitshamd e ravateksobeftwardVven rightward
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reerload Yepring plate 8 by the |oad receiving
portion 12. When the overload W is renoved, the robot
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11 while being attracted and supported at the right end or the
left end of the lower end of the second mounting bearing plate
8 by the load receiving portion 12.

When the overload W1 is removed, the robot hand 4 is
restored by its own weight to its original position where it is
supported by the load receiving portion 12. The restoration of
the robot hand 4 to its original position is supplemented by the
configuration in which the magnetically attracting force is
provided, for example, by arranging the magnets 14 on the
lower half of the first magnetically attracting bearing face 3 or
the second magnetically attracting bearing face 9 and the
configuration in which the magnetically attracting force is
provided, for example, by arranging the magnets 14 in the load

receiving portion 12,

Subsequently, as shown in Fig. 6, a vertical overload W2

12



provi ded, for exanple, by arranging the magnets 14 on
the lower half of the first nmagnetically attracting
bearing face 3 or the second magnetically attracting
bearing face 9 and the configuration in which the
magnetically attracting force is provided, for
exanpl e, by arranging the magnets 14 in the | oad
receiving portion 12. Subsequently, as shown in Fig.

Glarpererthaip! theemhagactfcally | atgactingn fokee, that is, the

magnetically attracting forcé, that is, the upward

‘ﬁgﬁg\}a‘ﬁ? o%ﬂl%g@(WQe?s Fé’xéﬁgq ‘iBothE?i'lf]lgft Hdiﬁi r#bghe robot

4 1s noved upward in t ongitu rection

?&ahﬁeél ?% ?@gﬁéﬂ Qﬁ’tvf%@.ﬁi Q?%fggﬁ rtﬁ&YﬁaP]dﬂ%tggh of the

e magne I nNg e nal ntal ni

t ' rl . t .
SR RRMAEHAR ORS00 T, erO ¥ T, BBdRL ik Magnetically
by i e ( q
RFEGHRA Rt Xy b, HRINTAHInE g, HERARE it absorbs
| gad receivi portion 12. The restoration of the
r Pvﬁgﬁﬁadnﬁazits original position is supplenented
by the figuration in which the igally
o7+ aciAnten BasangTemy athe drvesTady Wikt robot hand 4
arrangi ng the magnefs 14, on the | ower, hal f, of the .
18 ;OVRggdawnaard fy it ovgnp¥ee1sht and: 15 sestoged to its
second nagnetica%%ﬁ attracting bearing faCﬁ 9 ana the , ,
Figigal pOsHioR WhEEe thdssupporied Pyathealeadgreceiving
force is_provided, for exanple, by arranging.the, ..
eFiéon 12.i nThe restoratios oifnthe Tobot hand 4 to its original
position is supplemented by the configuration in which the
magnetically attracting force is provided, for example, by
arranging the magnets 14 on the lower half of the first
magnetically attracting bearing face 3 or the second
magnetically attracting bearing face 9 and the configuration in
which the magnetically attracting force is provided, for
example, by arranging the magnets 14 in the load receiving
portion 12,

Subsequently, as shown in Fig. 7 and Fig. 8, when
overloads W3, W4 in the fore-and-aft direction which are
larger than the magnetically attracting force is exerted to the
robot hand 4, the robot hand 4 is inclined forward or rearward
against the magnetically attracting force under the action of the
magnetically attracting force in the direction in which the

second magnetically attracting bearing face 9 (second
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portion 12. Subsequently, as shown in Fig. 7 and Fig.
8, when overloads WB. W in the fore-and-aft
direction which are larger than the magnetically
attracting force is exerted to the robot hand 4, the
robot hand 4 is inclined forward or rearward agai nst
the magnetically attracting force under the action of
the magnetically attracting force in the direction in

Wi it bearive mplace @Y | is amoved aphearfroan§ adre  first

9 (secon 13 nounting bearing plate 8) is noved apart

E?ﬁ%ﬁ@ﬁc@llf%ttﬁ%ﬁi?ﬁ%%%ﬂng g‘)"a%tB” iP$emh OUnt?Ae Bearing

t nounti ng pl at and absorbs the

?g%f@gﬁ%ﬁ’aﬁ%rﬂffﬁéﬁemée’&:@ W3, WA ”‘Th' tﬁﬁger words, it

rward”or rearwar n ction’in whic

“heifhda BAREACHE FEAPVRES, 1 e aRtERR i gpich h

over I'oad. or

Tph AGI B e Gus 00 ¥ Bl BrkidVR IR TR absorb the

bear i |ate 8 by the | oad receiving portion 12, and
i§VFEG’q"(Cg the forward or rearward inclination. After

havi ng ved, t he over| oads.\\8, W, .the bot _hand.4

o oo BTIRN: dher Tog qeeRvile (Portioh 15 % pfovidéd, the
configyration, in which the magneticall ttractin

el i dis AHTEC ik andRiIDRAr oG ml ihs 1pRer end of the
magnetically attracting bearing face 3 or  the second .
niRFRRAcRQynting rhggbpiatqh titdhe foad meceiving portion

configuration in which the magnetically, attracting
fb2canidis led to the forward or rearward inclination.

After having removed the overloads W3, W4, the robot
hand 4 is restored to its original position by the configuration
in which the magnetically attracting force is provided to the
lower half of the first magnetically attracting bearing face 3 or
the second magnetically attracting bearing face 9 and the
configuration in which the magnetically attracting force is
provided to the load receiving portion 12.

As shown in Fig. 1 to Fig. 4, a sensor 15 is provided on
the first magnetically attracting bearing face 3 as means for
detecting rotation, movement or inclination of the robot hand 4,
and is arranged so as to oppose the second magnetically
attracting bearing face 9.

The sensor 15 is embedded in the mounting bearing plate
2, and the detection end surface thereof is installed so as not to

be protruded from the first magnetically attracting bearing face
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provided to the |oad receiving portion 12. As shown in
Fig. 1 to Fig. 4, a sensor 15 is provided on the
first nmagnetically attracting bearing face 3 as neans
for detecting rotation, novenent or inclination of
the robot hand 4, and is arranged so as to oppose the
second magnetically attracting bearing face 9. The
sensor 15 is enbedded in the nmounting bearing plate

23, Tt E%rﬁﬁ‘lﬁ“ﬁdﬂhs‘efﬁé B¢ fRGSh! b’@ftﬁoihbSfl'r@ﬁﬁﬁ'd%ﬁjetlca]ly
so as not to e protruded fromthe first magnetica

bettt??u ihﬂ% l?ﬁé{lhﬂg ffa%“ee 3.1%4nd fé’lqﬁéﬁ‘mﬂeto%rﬂs the second

i rst ﬁagnetlca attracting
ARHRRERRY dprAliine bearEin #2?2”8 “The sensor 15
robot nihd SebSbhe 13, cRETERE m%ﬁ%o tGFLHAR.  HoferyShit and
Z‘ﬁ‘cﬂfﬂ,ﬁ% i 2, phESr SR At 4 oy RO oyt GRS W1 o S4 and
AR o Bt i B AEb e P EObeE B Bl o b e
on an armof a robot body, and a second nounting

bearing plate that forns a second nmagnetically
attracting bearing face provided on a robot
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hand, wherein the robot hand is nounted and supported
by the second nagnetically attracting bearing face
being attracted magnetically by the first
magnetically attracting bearing face, and wherein a
shaft projecting fromone of the first and second
magnetically attracting bearing faces is fitted into
a hole or groove opening on the other bearing face, so
ciyphst he robot hand is caused to rotate in the lateral
direction, to nove in the vertical direction or to

inclijne in h - gng- dj i apout_t shaf t
as alf'ul cr lﬁ’é g‘ég?;}‘g?at g%%r{a néeéﬁégﬁl?gsafﬂaactr:?’ﬁ’gop%and
cgéng via.the fitting between the shaft and the hole
0 pbﬂgbeg'by an overload exerted to the robot hand.

2. The .overl oad safety apparatys for, a robot han
nccoPat i O OPAUPE DERTIAG BIALENE ST ({00 o ihiAg!
bearin% glate i s provided ,on the arm of, the robot

mBgMLtifadlyep tirantinig deardne facsasreeddied i por taigh of
configured to support the |ower end of the second

a g9kt BP beadndy plate and receive a | oad of the
robot hand at the Iower end of the first nounting
bear iangegloax® meo wirtdwnigdde dming pristeuthay fomwmsea, saadnd
the hole or the groove opening is arranged as a hole

magnetically attracting bearing face provided on a robot

hand,

wherein the robot hand is mounted and supported by
the second magnetically attracting bearing face being
attracted magnetically by the first magnetically attracting
bearing face,

and wherein a shaft projecting from one of the first
and second magnetically attracting bearing faces is fitted
into a hole or groove opening on the other bearing face, so
that the robot hand is caused to rotate in the lateral
direction, to move in the vertical direction or to incline in
the fore-and-aft direction about the shaft as a fulcrum
against the magnetically attracting force via the fitting

between the shaft and the hole or groove by an overload

exerted to the robot hand.

2, The overload safety apparatus for a robot hand

according to Claim 1,
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or a groove opening elongated in a vertical direction.
3. The overl oad safety apparatus for a robot hand
according to Claim?2, wherein the | oad receiving
portion is applied with a magnetically attracting
force that magnetically attracts the |ower end of the
second nounting bearing plate. 4. The overl oad safety
apparatus for a robot hand according to G aim1l, 2 or

5, MBSO, OIS B TECHLPRAR e g
oS! B Ao 42l T, T B ection,

a load receiving portion configured to support the
lower end of the second mounting bearing plate and
receive a load of the robot hand at the lower end of the
first mounting bearing plate is provided in a protruding
manner, and

the hole or the groove opening is arranged as a hole

or a groove opening elongated in a vertical direction.

3. The overload safety apparatus for a robot hand
according to Claim 2,

wherein the load receiving portion is applied with a
magnetically attracting force that magnetically attracts

the lower end of the second mounting bearing plate,

4. The overload safety apparatus for a robot
hand according to Claim 1, 2 or 3,

wherein a magnetically attracting force is provided
to a lower half of the first magnetically attracting bearing
face or a lower half of the second magnetically attracting

bearing face.
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