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The present invention relates to an interference preventing
method for industrial robots and handling robots used for the same,
;nd more particularly, a method which can return a robot which is
made to stop its operation by the occurrence of a trouble to a
predetermined position and prevents the interference of the robot
with an object disposed around the robot during a handling
operation in which works which are stacked on a work sfack base is
gripped one by one and works are fed_to a working machine such as a
press or a press brake or a packaging machine such as a binder one.by
one and are stackéd on a stack base one by one, and a robot used for

the method.
BACKGROUND OF THE INVENTION

Conventionally, as shown in Fig. 7, this type of robot is
disposed in front of a working machine 50 such a press brake. The
robot is constructed such that a first arm 53 which is rotatable on
a horizontal axis ( a first axis J1 ) is radially conne_cted to an

upper portion of a support strut 51 mounted on a £loor by means of a



first rotated joint 52. A second arm55 which is rotatable on a horizontal
axi.s ( a second axis J2 ) is radially connected to a distal end of the
first arm53 by means of a second rotated joint 54. A third arm57 which is
rotatable on a horizontal axis ( a third axis J3 ) is connected to a distal
end of tHfdrsdcaotabed 39ink 52¢oaki seécond eatm 055 whiddanis afotattdblel amtat ed
joint 56. A hand 59 which is rotatable on a horizontal axis ( a fourth axis

J4 ) is spmiedrdll adi Chalsetpgaothxtike Jtzhl)risa&aaééﬁxr eanectka oy th

rotated joint 58. These rotated joints are respectively provided wth servo
ot cr et ol A nOELLL LS By Rl Mg P rERARLE, Sol i

detecting the rotating posi 3 g

det ecting,t sitiop_of the hand 59 th the position detecting neans,
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hand 59 traces a pI urality of points which are prelimnarily taught and

stored | AxdsndBy) THccenbeatedtte afdistaboand iofh tfe sesanshitegm &5 time shand

59 is Cartesian coordi nates made of an X coordinate ( a direction of
coaxial direction by means of a third rotated joint 56. A hand 59

which is rotatable on a horizonta_l axis ( a fourth axis J4 ) is
connected to a distal end of the third arm 55 by means of a fourth
rotated joint 58. These rotated joints are respectively provided |
with servo motors M1,M2,M3,M4 and position detecting méans such as
encoders for detecting the rotating positions of these rotated
joints. By constantly detecting the position of the hand 59 with
the position defecting means, the rotating angles of these rotated
joints are controlled such that the hand 59 traces a plurality of
points which are prelimina:fily taught and stored in memory. The
coordinates of the position of the center of the hand 59 is
Cartesian coordinates made of an X coordinate ( a direction of
arrow X ) which is a traverse distance of the hand 59 when the hand
59 is moved in parallel in a horizontal direction by a combination
of the rotatio_ns of the first to third rotated joints and a Y
coordinate ( a direction of Y) which is a traverse distance of the
hand 59 when the hand 59 is parallelly moved in a vertical direction
by a combination of the rotations of the f£irst to third rotated
joints. The posture of the hand 59 is controlled by two polar

coordinates made of an A coordinate which is a rotating angle of the



arrow X ) which is a traverse distance of the hand 59 when the hand 59 is
noved in parallel in a horizontal direction by a conbination of the
rotations of the first to third rotated joints and a Y coordinate ( a
direction of Y) which is a traverse distance of the hand 59 when the hand
59 i s pahanidels9y amomed ithen fomrtthc alxidi 1JACEnd) abB 2ovrdinadled whidh ke a
rotations of the first to third rotated joints. The posture of the hand 59
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rotating angl e of hand 59 around the fourt s J4 an

d th d 59 he third
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posture of the_robot na edeterm ned as_such an origin. The hand 59 is
provi ded Rokog, Pagi B l@r Fﬁnwﬁﬁ gughcainPELgine. Be hand Shdsor s

ML to M4 are controlled by a mcroconputer installed in a control panel 61.
Wt h sucbrevided wvith angréppingoilamntasuchsas/a vacuommnirs60. The servo

motors M1 to M4 are controlled by a microcomputer installed in a
control panel 61.

With such a robot 62, a series of operations which comprise
desce_nding the hand 59 to suck énd pick up a work which is not yet
subjected any wquing from a work supply base 63, advancing and
inserting one edge of the work into the working machine 50 to bend
the. work, retracting the work froml the working machine 50 to a
predetermined position where the hand is rotated about a horizontal
axis, subjecting the other edge of the work to the working of the
working machine 50, and stacking the work on d product stacking
base 64 after working on the work is completed, and returning the
hand 59 to the work supply base 63 to pick up a next work which is not
yet subjected to any working, are carried out as a cycle and these
cyclic operations are repéated. It must be noted, however, that
the lifting amount of the hand is changed corresponding to the
hei_ght of works remaining on the work supply base 63 as well as on
the product stacking base 64.

To carry out the above-mentioned repetitious ope.fation’s in
a most efficient manner, the robot 62 is preliminarily taught so as

to execute operations on the above-mentioned four axes in an



descendi ng the hand 59 to suck and pick up a work which is not yet

subj ectied any working froma work supply base 63, advancing and inserting
one edge of the work into the working nmachine 50 to bend the work,
retracting the work fromthe working machine 50 to a predeterm ned position.
wher e t hevezhdppingonaneer 0 similtanepwsilyl. afincestig amhaly 62hoavrhes

edge of the work to the working of the working machi ne 50, and stacking the

work on guprenledpet@eidng iknaecbtdahter with kdfhditd ) @ned timisgeownliehed,
and returning the hand 59 to the work supply base 63 to pick up a next work

which is t S [ C ' t I nd
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lifting am)un%_of t he hand_is.changed corre%qgndi to the hei %ht 8f wor ks
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base 64. To carry out the above-nentioned repetitious operations in a nost
ef fi ci entradhier sucheas o@BerBing ofHrthe mark iiny theugadsdoofsthe reutine
operations on the above-nentioned four axes in an -3-

work occurs and the operation of the robot is stopped accordingly,

the robot 62 is returned to a fixed position where the position of
the work can be determined, e.g. a position on the work supply base
or a position on the mold of the working machine and the work is
gripped again.

Then, the work is returned to a position Where the robot is stopped
while being gripped by the robot and the robot is operated again in
accordance with a program of the original routine.
Conventionally, in such a case, a next target position to which the
hand is to be moved is taught and the hand is moved to the target
position with an automatic manipulation or the hand is moved to the
target position with a manual manipulation such that the hand is
moved little by little by maﬁually operating the axes one after
another.

To move the hand to the taught target position with the
automatic manipulation, howevef, the operations on the four axes
are carried out simultaneously without any sequence, the work or
the hand may heavily comes into contact with objects located around
the robot and accordingly the hand may be broken or ruptured. On

the other hand, the manual manipulation which is carried out by



over | appi ng manner or sinultaneously. Since the robot 62 carries out the
operati ens in accordance with sequences and timngs which are prelimnarily
taught, no trouble occurs so long as the operations are carried out in a
normal routine. However, when a trouble such as dropping of the work in the
m dst of dgexratoirig neheorxescmnes afiterhanoibieat in af lidwe spded itakesopped
accordingly, the robot 62 is returned to a fixed position where the

posi ti on indiwerdiYe G?Egﬁ%lﬁgt@ﬁﬂé R8ts Fowerfnd 2l BbQPaﬁﬂn% *&ffﬂ%@%' y

base or a position on of the working nachine and the wor

ri pped again. he rkiJs yetur {0 sition ere the robot is
gt oBBed V\ﬁi | e bglﬁ%%érllmp%% tki'yﬂ tSJhSeeaﬁnot?o%é’er 0tqin(%%reo (ﬁeﬁeg}:oﬂé}vzﬁ% %a‘f% I n
accordance with a programof the original routine, Conventionally, in such
a case, PEA¥kAe Ayein fheRCe PRAVRNT ing mefhed yhish camprnhance fihmt
and the hand is noved to the target position with an automatic mani pul ation
or the ha&fficlienyzedinoanhepesaddionpow t retumnt the nmhel tenithel aidmwalsuch
that the hand is noved little by little by nanually operating the axes one
after an@peafation after the occurrence of a trouble and the robot which can

carry out the method.
DISCLOSURE OF INVENTION

.The interference preventing method for industrial robots
according to the present invention is characterized in t'hat, an
operation to automatically move a hand of a robot toward a taught
target position, comprises a step of reading the present position
of the hand, a step of computing the difference between the taught
target position and the present position of the hand, a step of
judging whether this difference is within a predetermined range or
not, a step of setting the moving speed of the hand to a
preaetermined normal speed when the difference is within the
predetermined range, a step of setting the moving speed of the hand
to a predetermined low speed when the difference is out of the
predetermined range, and a step of moving the hand automatically to
the target position at the set speed. The above-mentioned '
predetermined raﬁge ' is determined in view of the kind .of

operation, the size of the work or the size and shape of an object



To nmove the hand to the taught target position with the automatic

mani pul ati on, however, the operations on the four axes are carried out

si mul t aneously without any sequence, the work or the hand nay heavily cones
into contact with objects | ocated around the robot and accordingly the hand
my be bddlsposad ampundethe Gobhdie. otfiher abaxwd-meh¢ivaedal! mowvementito®Hrthehi ch
Is carried out by -4- operating the axes one after another at a | ow

speed t ales @ GOISI IR B! FoPPRIEL oM O£l tHE HaMdbakBURA| ' Ho22 28RERA 4RDs or
efficiency. Accordingly, it is an object of the present 1nvention to
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occurrence of a trouble and the rohot which can carry out the nethod.
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robots according to the present invention is characterized in that, an
: does not move and the hand is only angularly shifted.

According to the method of the present invention, present
positions are determined by a plurality of coordinates and the
difference between the taught target position and at léast
coordinates on one axis is éomputed and the judgement is made bésed
on the difference. Alternatively, it may be possible to set the
moving speed of the hand to a low _speed when at least one of the
coordinates is out of the predetermined range.

The handling robot according to thé present invention is a
type of a robot which repeats an operation to pick up a work from a
predetermined position and transfer the work to another position in
place in accordance with the taught path and the operational
sequence. The handling robot comprises a hand to grip the work, a
mechanism to move the hand, a detector which detects the present
position of the hand, means for teaching a target pqsition of the
hand, a inechanism for moving the hand, méans for storing the moving
speed of the hand which varies. at least in two stages and a
predetermined range of difference between these speeds, means for
computing the difference between a taught target position and the
present position of the hand, means for judging whether the

difference is within the predetermined range or not, and means for



operation to automatically nove a hand of a robot toward a taught target
position, conprises a step of reading the present position of the hand, a
step of conputing the difference between the taught target position and the
present position of the hand, a step of judging whether this difference is

wi t hi n a seiddatiertlieabvringempediaf thethndftcd tiommdhespard whepetik of
the hand to a predeterm ned normal speed when the difference is wthin the
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predeterm ned | ow speed when the difference is out of the predeterm ned
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in view of the Kj f operation, the si of the work or the size and
shape of %Fadﬁiegcagf ere ce?iirssBB*s'e"ﬂléi"otb%g‘et%e ebotmined SPES\e- nent i oned
" novenent of the hand ' includes a revolution of the hand around a
hori zont al axi s Asicardigyg iteaithgximethpdaddi therpresente imreentisen ofwithout
central point of _

computing whether the interference actually takes place or not,

based on the fact whether the distance between the taught target
position and the present position is within the predetermined range
_or'not, it. is judged whether the probability of interference is
high or not. Namely, in a case that the distance from the present
position to the target position is short,. which takes piace, for
example, when the work which is not subjected to any working is
dropped right after the Woj:k is picked up from the work supply base,
the probability of the interference is relatively low. On the
other hand, in a case that the hand must be moved or shifted over a
long distance from the present position to the target position,
which takes place, for example, when the work which is already
subjected to working is dropped just before being stacked on the
product stacking base, the probability of interference is
relatively high. Based on this principle obtained by experience
that.when the distance b.etween the present position and the target
position., namely, the distance to be moved is long, the probability
of interference is high, while when the distance to be moved is
shor._'t, the probability of interference is low, the present

invention uses the ' difference ' between the target position and



the hand in a space. In this case, the central point of the hand does not
nove and the hand is only angularly shifted. According to the nethod of the
present invention, present positions are determned by a plurality of

coordi nates and the difference between the taught target position and at

| east coahd paesendnpostthensas & ceiperednafslr tfdgindgerenprobabRUetPased
on the difference. Alternatively, it may be possible to set the noving
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out of the predeterm ned range. andling ro Ing to the present

I nvention.,j type. of 0ohot I,Gh repeats gn rati to _pick up a work
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place in accordance with the taught path and the operational sequence. The
‘handl i ng AEHES EBERAT bescomespifphe fnablimg adrigh greedhivdgement nothd kene
hand, a detector which detects the present position of the hand, neans for
t eachi-ng prevardgdingbhe tinrexrffenrdnechwnilh an eeohghi safdty. novi ng t he hand,
means for storing the noving speed of the hand which varies at least in two

stages and a pr gdgiteldfnita® ,’ afish Ofhéli hAREEAGE REIVE SRovEESEvePEAIShITANS

for conputing the difference between a taught target position and the
distance, the hand is moved at a normal speed so that the high
operational efficiency is assured, while when the hand is to be
moved over a long distance, the speed is shifted to a low speed so
that an operator can forcibly. stop the movement of the hand just
before the hand causes an interference thus reliably preventing
such an interference. After forcibly stopping the movement of the
hand, the operator manually manipulates the robot such that the
hand is moved to a position which can prevent the interference. The
hand is automatically moved to the target position when there is no
lpossibility of interference. It may be possible to determine the
target position again after the hand is stopped right before the
occurrence of the interference. In this manner, according to the
present invention, the interference can be reliably prevented with
a simple computation as a whole by changing the operational speed
based on the difference of distance between the present position
and the target position, while skillfully combining the automatic
operation and the manual operation.

The above-mentioned interference prevention method is

provided for a robot which can trace a route which prevents the



present position of the hand, neans for judging whether the difference is
within the predeterm ned range or not, and neans for -6- setting the
novi ng speed of the hand to a nornmal speed when the obtained difference is
within the predeterm ned range while setting the noving speed of the hand
to a | owineedterence:, haamellyi, nédedrbbot ewlibch sha®tmord ihar v tedsteaiss ned
speed. According to the nethod of the present invention, wthout conputing

whet her i@ riginaikdr.eMBe afdtild Y nbweeerd! £6 fnd¥e @ﬁeectﬁ%dfsf {1 doddt

whet her the di stance between the taught target position and the present

position n_t £ er, ra ed whet her the
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di st ance fr0n1the present position to the target position is short; which
t akes pl 388N fATres | EOUfhERAVRESRO P %te§-not Ing gkt @dcp§eanythe
working is dropped right after the work is picked up fromthe work supply
base, thebpvebmentiopedf nélthodt isf eppidded sta ehanyi waley dbHwthén traverse

coordinates which is liable to cause the interference or is applied
to a plurality of traverse coordinates and all operations are
carried at a low speed when the differgnce between the present
position and the target_ position is out of a predetermined range.

The robot according to the present invention is provided for

carrying out the above-mentioned interference preventing method.
BRIEF EXPLANATION OF DRAWINGS

Fig. 1 is a schematic flow chart showing one embodiment of
the interference preventing method according to the present
invention.

Fig. 2 is a schematic diagram showing the steps of main
routine of the handling method to whiéh the method of Fig. 1 is
applied.

Fig. 3 is a schematic flow chart showing the main routine of
Fig. 2.

Fig. 4 is a schematic diagram showing the detail of another
embodiment of the interference preventing method of the present

invention.



ot her hand, in a case that the hand nust be noved or shifted over a |ong
di stance fromthe present position to the target position, which takes

pl ace, for exanple, when the work which is already subjected to working is
dropped just before being stacked on the product stacking base, the
probability of iRiteer Selsntachematiiat diegyahi sowheg athedethiy &Ff ididtter
obt ai ned by experience that when the di stance between the present position

and the (iBRILRAN 4O hhd A dbrddidl LA GIINES df S Grdd

probability of interference is high, while e | stance e noved is

short, th ‘%rnqg_aol}lility of interference is |low, the present invention uses

the ' difference between the target -position and -7- t he present
position as a criterion for judging the probability of interference.
Accordi ngly, th&isFebehf @ AChéiagran RheWine theafetpdlcofmnattien

for the judgement whether the interference occurs or not becomes sinple
enabl i ng embuidjmegpeaf jtUidydndrerfendunos preventing trethod ef ahengraedddt an
enough safety.
invention.
Fig. 7 is a schematic view showing the handling robot used

for the method of the present invention and peripheral devices

thereof.
BEST MODE FOR CARRYING QUT INVENTION

The interference preventing method and the robot used for
the method are e#plainéd with reference to embodiments thereof in
conjunction with attached drawings hereinafter.

In the drawings, Fig. 1 is a schematic flow chart showing
one embodiment of the interference preventing method according to
the present invention, Fig. 2 is a‘ schematic diagram showing the
steps of main routine of the handling method to which the
interference preventing methodl is applied, Fig. 3 is a schematic
flow chart showing the main routine of the interference preVenting
method, .Fig. 4, Fig. 5 and Fig. 6 are schematic diagrams showing the
detail of other embodiments of the interference preventihg method
of the present invention, and Fig. 7 is a schematic view showing the

handling robot used for the method of the present invention.
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Furt hernore, when the hand is to be noved over a short distance, the hand
I's noved at a normal speed so that the high operational efficiency is
assured, while when the hand is to be noved over a l.ong di stance, the speed
is shifted to a | ow speed so that an operator can forcibly stop the
movenent of -t he Thendntise Heéps i thehhandlang atetdivd toewheeRNEfe ndthod
reliably preventing such an interference. After forcibly stopping the

movenment off thBepFedeht iR cARAOAL D5 SPNUYD A8 Bl wli RE f@f’@feﬁb‘ér hhce& hat

the hand is noved to a position which can prevent the Interference.

hand is t tically nmgve the,t ogi tion hete_ s _no

possi bi | ?%?O g? éﬁ@(grﬁgepgncglﬁ %'Il(dqn%yaﬁg(g%gggs blré'ﬂ?%;\%ﬁ[leﬁ'ﬂﬁﬁga%ﬁg ?éﬁod:é‘(
position agai.n after the hand is stopped right before the occurrence of the
i nterfer 1y Passg whigh, SUPBIdes Works: yhicd sresaot sybdeatesd toany
interference can be reliably prevented with a sinple conputation as a whol e
by changwegking .opumeranad Bpdbchtes cal workieg dnéébiraecsuch dissmampaess

bet ween the present position and the target position, while skillfully

conbi ni n@riake ,adn@raiunerele atingl caté s i3 produdit @RRlckiing) babee on which
above-nentioned interference prevention nmethod is provided for a robot

whi ch cap dJafeR <2 100WhE ALl BhEYEBESa!£6 working are stacked. Setting

the reference position of a hand 6 at a point Pl, the hand 6 is
descended to a point P1 ( an arrow S1 ) and a suction cup 7 is
forcibly made come into contact with the work 2 on the work supply
basé 1l so as to adhere the work 2 by suction, then the hand 6 is
iifted ( an arrow direction S2 ). This step constitutes ' work
pick-up step ' in Fié. 3.

Subsequently, the hand 6 is rotated 180 ° around a
horizontal axis ( the third axis J3 in Fig. 7 ) and is advanced to
the workihg machine 3 ( an arrow S3 ) so as to place one edge of the
work 2 on a bending mold 8 and a punch 9 is descended to .bend the edge
of the work in a V shape, for example. In this bending operation,
the hand 6 of the robot is rotated around the center of bending ( the
first axis J1 in Fig. 7 ) while maintaining the adhering of the work
2 by suction. Then, thé hand 6 is retracted ( an arrow direction
S4 ) and is rotated 180 ° around a vertical axis, and another edge
of the work 2 is subjected to the bending operation in the same
manner. This operation constitutes ' working step ' in Fig. 3.

Then, the hand 6 is again retracted and is moved to transfer

-11 -



- 8- I nterference, nanely, the robot which has nore than two traverse
coordi nates. The nethod, however, is nore effective for the robot which has
a conplicate traverse coordi nate system conprising nore than three or four

traverse coordinates. In such a case, the above-nentioned nethod is applied
to any ohked@redict rkl ebfained asnatkesull of werkingl totad nedmde PBhabove
interference or is applied to a plurality of traverse coordi nates and all

oper at i obBe prodart s¢dckling bave ) ewidi bd maintaitihigel €8 godmineenTheee,
present position and the target position is out of a predeterm ned range.

The robogngaeadliengst FotdEe@0dSCNArbiNEY WeRtialr Qiigedaﬁé’&scééékééﬂﬁeﬁm
t he above-nentioned interference prevent| ng net hod. BRI EF EXPLANAT ON OF

nt er 1 or Encli st Be PR RER o B Bl RO RO BT A s e gl
s a schematlc di agram showi ng t he steps of mai,n
to return to the reference position ( P2 ). These operations
constitute ' work take-out step ' and ' return-to-origin step '
respectively.

The main routine is made of these steps and in an actual
operation, it is prqgrammed such that the above-mentioned cyclic
steps are repéated a desired number of times. However, since the
desdending and lifting strokes of the hand 6 at the t:i;me of picking
up the work which is not subjecfed to any working from the work
supply base 1 as well as at the time of placiﬁg the product 10 on the
product mounting base 4 must be changed corresponding to the height
of the works on the work supply base 1 and the height of products on
the product mbunting base 4 which change corresponding to the
humber of repetitious operations.

So long as the ab’ove—menfioned main routine is executed
normally, there arises no prbblem. Howevef, when a trouble suéh as
dropping of the work 2 which is not subjected to working or the
product 10 occurs in the midst of the operation ( T in the right side
of Fig. 3 ), the above-mentioned cycle is temporarily stopped.
Then, the operation is started again by a manual manipulation and
if the manual maﬁipulation is carried out making use of a sub

routine Rs of the interference preventing method of the present
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routine of the handling nethod to which the nethod of Fig. .1 is applied.

Fig. 3 +ts a schematic flow chart showing the main routine of Fig. 2. Fig. 4

is a schematic di agram showi ng the detail of another enbodi ment of the

interference preventing nethod of the present invention. -9- Fig. 5is a

schenmat i dnieahiam ,sHdhe nphdie ciet afif iefieartdiyh ere terdmo dicrentnoxdmalhecoutine
I nterference preventing nethod of the present invention. Fig. 6 is a

schemat i @péiradfidfn HpVhngohbendetiahl o#f a’%ﬂ%@@ém@mdhﬁﬁﬂ%uﬂétibﬁ and a
i nterference preventing nethod of the present invention 71s a

schemat i 6,4 ey Shouh g gél@tgggg:mgglgog@;?#m L8 e B of

present I nvention an perip evi c

interference.

(casg1)

For the purpose of brevity, é case is considered in which
the-work 2 which is not yet subjected to any working is moved or
shifted f£from the work mounting base 1 to the product stacking base 4
one by one. In this case, when a suction trouble occurs in the
midst of traverse from the _point P2 to the poin_t P3 and the hand 6 is
stopped at a position in the vicinity of the point P3, the hand 6 is
returned to the point Pl where an absolute positioning of the work 2
can be determined so as to determine the relative positions of the
hand 6 and the work 2. A new work 2 or the dropped work 2 is again
sucked by the hand 6 at the point Pl1. Subsequently, the hand 6
which holds the work 2 is moved to the point P3 where the operation
is s;topped while watching the hand 6 and the work 2 no*l‘; to interfere
and continues the main routine from this position. It may be
possible to input the point P3 as a target position and
automatically move lthe hand 6 and the work 2 from the point Pi to the
point P3. 1In such a case, however, the hand 6 directly moves toward
the point P3 while carrying out a l1lifting movement ( in a direction
of Y axis ) and a lateral movement ( in a direction of X axis )

simultaneously so that the hand 6 is liable to cause an

- 13 -~



BEST MODE FOR CARRYI NG OUT | NVENTI ON The interference preventing nmethod and
the robet used for the nethod are explained with reference to enbodi nents
thereof in conjunction with attached draw ngs hereinafter. In the draw ngs,
Fig. 1 is a schematic flow chart show ng one enbodi nent of the interference
prevent i Agtestfegengecet th mggubde 1d presmagnebvtlodter. Fig. 2 is a schenatic
di agram showi ng the steps of main routine of the handling nmethod to which

the interferencacgodamny 1o ﬁﬁé@%éénﬂ%&&dti&ig-iﬁ tihe Q)Mﬂiit? fdrow
0

chart showing the main routine of the interference preventing nethod, Fig.

4, Fig. ' Qiﬁé‘é}@é’@ Lagr | ;I:Iicl?l%' tai fs

enbodi neg?gg%fe'é?%gci%nti%r erencehgf%\%g%%i %grgsfnggﬁ\(l)gf% t éq‘%rgelis}én %‘gﬁ ‘i on,
and Fig. .7 i.s_a.schepatic view show n e handli rohot used for th

et hod ot FATREagen hen pafrignates g2 th yRits B3, Wit tefrestint dha | ng
met hod to which the nmethod of the present ir‘svention Is applied are

expl ai neBreFeERtrpPettieR are read on ( step IT).

The difference between the present position and the target
position to which the hand 6 is moved is computed ( step ITI ). The
judgement is made whether the difference is within a predetermined
range or hot ( step IV ). If the difference is within the
predetermined range, the moving spéed éf the hand 6 is set to a
normal speed ( step V ), while if the difference is out of the
preéetemined range, the moving speed of the hand 6 is set to a low
speed ( step VI ). For example, provided that the coordinates ( x,y
) of the point P1 are ( 500, 400 ), and the predetermined range is x
=4 100 and y == 100, and the coordinates ( X,¥ ) of the taught
target point P3 are ( 1500, 1400 ), the present position ( 500, 400 )

is read at the step II, and the difference Xd, Yd between the
coordinates of the present position and the.coordinates ( 1500,
1400 ) of thé target position is computed at the step III. 1In this
case, since X4 — 1000 and Yd = 1000, it is judged that both
coordinates exceed the allowable range * 100. Accordingly, the
speed of the.hand 6 is set to the low speed in the steﬁ VI and the
hand 6 is moved from the point P1 to the point P3 at the low speed.

In this manner, even when the work 2 is liable to come into

contact with the guide 11, the operator can readily stop the

- 14 -



Fig. 2 and Fig. 3. In Fig. 2 and Fig. 3, nuneral 1 indicates a work supply
base which supplies works which are not subjected to any working, nuneral 3
i ndi cates a working nachi ne such as a press brake, and nuneral 4 indicates
a product stacking base on which products 10 which are subjected to working

are staclpérabdion 6g the hagldes oo Thiel WorRicandAAtd dbntaseiwitiPthe he
hand 6 is descended to a point P1 ( an arrow S1 ) and a suction cup 7 is

forcibly ﬁ% £9 %Pﬁggﬁﬁfﬁ% ﬁHéEn’EQE g@égﬁg on the work supply base 1

SO asto eret uct1 on, ent ehand6|sllfted( an arrow
directio Thi,s st consti tutes e

slmsequeﬂ#%yr) BoRRITg ﬁf% SRR o (56 hBhE e ko Brosatar S %
the third axis J3 in Fig. 7 ) and is advancedtothe wor ki ng machine 3 ( an

arrow SBansléldgalibPBlé‘éboéné-léd@etbﬂ hand @okx azdbneratb@mﬁwg gwlgiuatddd a
punch 9 is descended to bend the edge of the work in a V shape, for

exanpl e. the wbrk »eisilif tydetat aopointhethahdch ekctbdsrthetguide dilat athd
around the center of bending ( the first axis J1 in Fig. 7 ) while

mai nt ai NG skiytendly L8t8 i BalRl & h BYASHEEL PO o ¥Naxi H&HBI rdvithg
retracted ( an arrow direction S4 ) and is rotated 180 around a vertical
axis, a”%n%”ﬂ%ﬂ%? quga lateral direction by a manual manipulation, for
example. Then, the hand 6 is again moved automatically from a
position in the wvicinity of the point P3 following the routine
shown in Fig. 1. Since the difference between the position and the
target position is within the allowable range (+ 100 ), the hand 6
is moved to the target position at the normal speed. Accordingly.
the positioning of the hand 6 to the target position by the
cumbersome manual manipulation can be obviated. It may be possible
to execute the sub routine from the point i—"C while setting the point
P3 as the target position for preventing the interference. After
reaching the point P3 ( target position ). the operation is started
again based on the program of the original main routine. As shown
in Fig. 1, when the interference checking is not carried out, the
operation is directly advanced to the step V to make the hand 6 move
at a normal speed.
When a suction trouble ocﬁurs at a point Pn which is a
position\ slightly above the point P1, the hand 6 is returned to the
point P1l and the work 2 is again sucked by the hand 6 at the point Pl

in a manner as mentioned previously. If the coordinates of the
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of the work-2 is subjected to the bending operation in the sanme manner.
Thi.s operation constitutes ' working step ' in Fig. 3. Then, the hand 6 is
again retracted and is noved to transfer t he product 10 obtained as a
result of working to a point P3 above the product stacking base 4, while
mai nt ai npednitt Pnpaseutaughiicas, thee thagdt6positdbat adddther opexatiod ds
vertical axis, and is descended to place the product 10 on the product

st acki ngeRasataaBdsba bh s dud Erehut&ﬁet 8hbWe 1ffEigNCe, RAY Bi¢Ferents ) -
These operations constitute ' work take-out step and ' return to-origin

operat | olEtebfi the PEeIBE AUl O WRATRAG Lardo Mot

oper ati on, ramed e above

cycC |c S

w?@ gﬁﬁual

€ps are

repeated_ a de5|red nunber of tines, Fbwever since the descendlng and

lifting $PPoRELOVRPLREFINGRIIG the (InAgemARtO AN TR SHERF Ve

not subjected to any working fromthe work supply base 1 as well

RN WRVARS; s

as at the

tinme of
changed

speednef tthe handucisigebio aaommeduspeaduhistep ¥as@ns fhethdnd 6
correspondi ng to the height
is moved toward the point Pn at the normal speed. Accordingly, the

operation can be returned to the original routine efficiently.

After stopping the operation at the point P3 or the point Pn, it may
be possible to execute the sub routine shown in Fig. 1 to return the
hand 6 to the point Pl while setting the point Pl as the target
position. 1In such a case, corresponding to the dietance between
the target position and the present position, the hand 6 can be also
moved either at a low speed or at a normal speed so that the operator
can stop the movement of the hand 6 Jjust before the hand 6

interferes with the guide 11.

(CASE 2)

Fig. 4 shows a case in which the hand 6 which adheres the
work 2 by suction is lifted from the work supply base 1 and the hand
6 is rotated 180 ° on the third axis J3 in the midst of movement
thereof from a point Q3 to a point Q4 and the work 2 is dropped by a
suction trouble during the rotation of the hand 6 between the point
Q3 and the point Q4. In this case, the hand 6 is returned to a point

Q1 by a manual manipulation. Then, after setting the point Q4 as the

target point, the operation is started again based on the sub
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of the works on the work supply base 1 and the hei ght of products on the
product . nounti ng base 4 which change corresponding to the nunber of
repetitious operations. So |ong as the above-nentioned nain routine is
executed nornally, there arises no problem However, when a trouble such as
dr oppi ng refuttime shoknZnBigh i s not subjected to working or the product 10
occurs in the mdst of the operation ( T in the right side of Fig. 3 ), the

above- menhi QAGH GHClARAHeT iR dhle WoHiORPYY stdiior s WP HiHdOLtiep.
started again by a manual rani pul ation and i'f the manual nmanipulation is

ted again b [ rmani pul at ' F “the anual _
et hod of HEASHL Y sty AR el e oe ael Mg oG BB e,

to a normal routine_operation by ,a conbination of an automatic mani pul ation
and a mattdrdaxisufatissamtre b Svent SAGCEnELS REBFUMe @A iR ASPence.

( CASE 1) _
and the target position is 180 ° , the difference between the target

position and the present position becomes 180 — 0 = 180 °*>10°

and it is judged that the difference is out of the predetermined
range at the step IV. Accordingly, the moving speed of the hand 6
is set to a low speed at the step V and the hand 6 is moved to the
point Q4 at the low speed. In this case, even when the traverse or
shift amounf of the hand 6 in_a direction of ¥ axis is within an
allpwable range, the hand 6 is moved at the low speed in view of the

allowable value of the inverting angle B.

(CASE 3)

Fig. 5a and Fig. 5b show a case in which the work 2 is picked
up from the work supply lbase 1 and the work 2 is rotated 180 ° right
after a slight 1ifting thereof and the operation is sfopped in the
midst of the rotation because of a trouble during the rotation and
the operation is again returned to a normal operation. In Fig. 5a,
since an inverting angle B is set to 45 ® , if the rotation of the
hand 6 is continued, the work 2 interferes with the works 2 mounted
on the work supply base 1. Accordingly, the hand 6 must be rotated
at a low speed. |

On the other hand, in Fig. 5b, since the inverting angle B exceeds
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For the purpose of brevity, a case is considered in which the work 2 which
I s .not yet subjected to any working is noved or shifted fromthe work
nounting base 1 to the product stacking base 4 one by one. In this case,
when a suction trouble occurs in the mdst of traverse fromthe point P2 to
t he poi nooP3 amd tibechesd fo i B’ 0ppERe Hard O Tahni BB rot&BEAVAE I d inornRf] t he
point P3, the hand 6 is returned to the point Pl where an absol ute

Posi 11 onSTaFone RIEY & ﬁﬁ%e?&ﬂ?‘ﬁe?miﬂg?ﬁw%% %?E?Fe”"@dfiﬁ;ﬁdreﬂh%i' 2
whi ch hoPaacbaE R pRs3el hhnbabe s4hE%,8bnt pa MnERES, HesSpei Bty e

stopped whil e watching the hand 6 and the work 2 not to |nterfere and

cont i nue§inge Hae diffinnence bekernsthn fprget. angle@pdEhpRresent aagleput

t he point P3 as a target position and automatically nmove the hand 6 and the
work 2 fdsm86e€ poi4b P t1@% hie>pdionf Pihel rotating spese ofatey handt fidshand
6 directly noves toward the point P3 while carrying out a lifting novenent

“(in a digetCtiPbedfa I Spded@nNdilét e:[ﬁll :[r?veggnt s:.flcéntﬁed'drzl.%r%déf X
axis ) sinultaneously so that the hand I able to cause an -

between the target angle and the present angle is 180 ° — 135 ° = 45

° < 90 ° , the rotating speed of the hand 6 is set to be a normal
speed. Although, in case 2 and case 3, hand 6 is inverted at an
angle B, the allowable rotating value varies depending on changes

of conditions around the robot and on the target position.

(CASE 4 )

Fig. 6 shows a case in which one edge of the work 2 is
inserted in the bending mold 8 of the bending machine 3, the hand 6
is retracted, the hand 6 is .rota{:ed on the vertical axis J4, the
hand 6 is advanced so as to insert the other edge of the work 2 in the
bending mold 8. In these steps, when the work 2 is dropped in the
midst of rotatiqn from a point R3 to a point R4, the work 2 is placed
and positioned in the bending mold 8 again and the hand 6 which is
returned to the point Rl grips the work 2 and the hand 6 is operated
to move to the position R3 based oh the sub routine shown in Fig. 1.
In this case, the allowable angle Ad of a revolving angle A is set to
+ 45° . Since the present posi.tion (A =0 °) is read by an

encoder and the difference between the target p_osition ( A =180
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interference with a guide 11 or a nmagnet floater. According to the present
invention, if the probability of interference is checked at a step |I of the
sub routine.-shown in Fig. 1, firstly, the coordinates of the point P3 which
represent the present position are read on ( step I1). The difference

bet ween fhe gH@Sent pawisendn poEl tivh 88 geBopdsiti o5 o, Wiheh Hdirl hendsb is
noved is conputed ( step I11). The judgenent is made whet her the

di ffer enesvbivwhtlﬁt Iy ﬁﬁwse&é’édcg.r nheesrgﬁggggg e whienStRE fe\éﬁo?cogi':{%ghgan g

differencels within the predeterm ne _ ~the nmoving speed (
he' pr cdEPAPIVIBY PndRe credhotiane Sbbied ot AimaLbefeStely §nd’ kog
speed ( step VI). For exanple, provided that the coordinates ( x,y ) of the
poi nt P1Peegipiddty ebdntenfenanceppfddre woried widiysheoneld grimgs 1 tbeand
y = 100, and the coordinates ( x,y ) of the taught target point P3 are (
1500, l1l46Pgratbe prasseantopposhd i movémedD, o80Ghei handad atidgie béepré! thend
the difference Xd, Yd between the
occurrence of the interference. Whep the hand 6 is not set to a low
speed operation, the operation of the hand 6 is continued at a
normal speed.

The above-mentioned interference preventing method can be
carried out using the robot 62 sﬁown in Fig. 7 while incorporéting
the sub routine shown in Fig. 1 to the conventional operétional
program. As means for reading the present position of the hand 6,
the encoders which are already incorporated in the original robot
for reading the rotating aﬁgle can be utilj.zed as it is, while the
conventional teaching means can be utilized as means for teaching_
the target positions. Although the above-mentioned embodiment of
the present invention is explained in view of the robot having 4
degrees of freedom on rotated joints (J1 to J4 ) and 4 moving
coordinates ( X, Y, A, B ), the robot having 2 to 3 degrees of
freedom or equal to or more than 5 degrees of fr;eedom can be used in
the interferencé preventing method of the present invention .' :

Although the embodiment is mainly explained in view of cases
in which the operation is returned to the main routir_le after 5eing

stopped by the occurrence of a trouble, the method of the present is

not restricted to these cases and can be applied to other cases,
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coordi nates of the present position and the coordinates ( 1500, 1400 ) of
the target position is conputed at the step Ill. In this case, since Xd =
1000 and Yd = 1000, it is judged that both coordinates exceed the all owabl e
range 100. Accordingly, the speed of the hand 6 is set to the |ow speed in
the stepeVg.amd ¢dse hindwhich rhhecdndthod t he pppitieR] tico tdmchpimgit oP3 anat
the I ow speed. In this nmanner, even when the work 2 is liable to cone into

contact ypklathenali #d6utd, baSEd WLl bRlsicARoutade! ¥oSaoMtd ke the hand
operation of the hand 6 before the work comes into contact with the guide

11 thus n ' f oy =T (PSS MoToTol he operation of the
hand 6, ?'hg&g%%ra a?%%ef%?ggegﬁ%ﬁ?gﬁﬁ%ﬁ%%ﬁzﬁ%%i%l s the hand 6 in a
direction of Y axis until the work 2 is lifted to a point PC which exceeds
the guide 11, and subsequently lifts the hand 6 in a direction of Y axis
while noving the hand 6 in a lateral direction by a manual manipul ation,
for exanpnhdustirdal Applicakibit¥ agai n noved automatically froma

The interferen.ce preventing method of the present invention
can readily return the operation to the original routine while
preventing the interference in such a case that the work is dropped
in the midst of the operation so that the operational efficiency is
enhanced. The robot of the present invention carries out such a

method.
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position in the VI t P3 follow ng the routine shown in
Fig. 1..Since the lﬂn ﬁ Eﬂ!l;: the position and the target position
is within the all owa , the hand 6 is noved to the target
position at the nor rral speed Accord| ngly, the positioning of the hand 6 to
the target position by the cunbersome m@AddMsShani pul ati on can be obviated.
It may be possible to execute the sub routine fromthe point PC while
setting the point P3 as the target position for preventing the
interference. After reaching the point P3 ( target position ), the

operation is Siaréﬁdng%fﬂizbﬁvﬁé’ %Jéhetj{}fef Y £b o1 &h@tﬂ%l”?bﬂots

routi ne. As shown e 1n erence ¢ |ng 'S carri
out, the, op |on is directly advanced to the e V to make _t he hand 6
Tove at IOMEER 2 peadl ofnerrabehAls G IR Mloved tRWRE A BRSGRE ch

IS a position sllghtly above the point P1, the hand 6 is returned to the

poi nt Pltanget irosikion. iopmurdisingeketieByof readimyg dhet ackuagopasitionn a

manner as nentioned previously. If the coordinates of the - 15 -
of the hand, a step of computing the difference between the taught
target position and a present position of the hand, a step of
judging whether the difference is within a predetermined range or
not, a step of setting the moving speed of the hand to a
predetermined normal 'speed when the difference is within the
predetermined range, a step of setting the moving speed of the hand
to a predetermined low speed when the difference is out of the
predetermined range, and 'a step of moving the hand automatically to
the target position at the set speed.

2. An interference preventing method for industrial robots
according to claim 1, in which present positions are determined by
a piurality of coordinates and the difference between the taught
target position and at least coordinates on one axis is computed
and the judgemeﬁt is made based on the difference.
3. An interference preventing method for industrial robots

according to claim 1, in which the moving speed of the hand is set to
a low speed when at least one of the coordinates constituting the
taught position and the- I;resent positions is out of the

predetermined range.

4. A handling robot of a type which repeats an operation to
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poi nt Pn are taught as the tar T he operation is executed
based on the sub routine shomqmlnﬂm,ﬂ"ﬂmngm,fference bet ween the
present position and the target po<ititon®fatls* within the allowabl e range
in the judgenent in the step 1V, and the noving speed of the hand 6 is set
to a nor pdcksppeat workt Epok a mrafidternhiarell foisd tionedntiovransfére e worRn at
the normal speed. Accordingly, the operation can be returned to the

ori gi nal ¢pOakd e £iPdsaitatin ¥n PifdR Al FAIARdE waRS! Aty phER A Bh P3
or the point Pn, it may be possible to execute the sub routine shown in

Fig. 1 . ' i P i i ' P1
P9 L SpSERUBath SURGbLd o LhGpRothoPh LS S UURED! Ml Pl
e LarSek Roslinon ANt N ot ROSAA S oL G TN ca DS gl mver

t he novenent of the hand 6 just before the hand 6 interferes with the guide
11. (CASpositipp. off thekand cmeanshfalm thachingaadt@rget gosidiionoft thewor k
2 by suction is lifted fromthe work supply base 1 and the hand 6 is.
rotated h8Ad, @meddhanisn So@xhevikdy ithe! hand] dfdar¥ £oRVEE8Hing the moving
speed of the hand which varies at ‘least in two stages and a
predetermined range of difference between these speeds, means for
computing the difference between a taught target position and the
present position of the hand, means for judging whether the
difference is within the predetermined range or not, and means for
setting the moving speed of the hand to a normal speed when ‘the
obtained difference is within the predetermined range while

setting the moving speed of the hand to a low speed when the

obtained differenge is not within the predetermined speed.
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thereof froma point @B to a point 4 and the work 2 is dropped by a
suction.trouble during the rotation of the hand 6 between the point B and
the point Q4. In this case, the hand 6 is returned to a point QL by a
manual mani pul ation. Then, after setting the point 4 as the target point,
the operation is started again based on Ahetsadt- 16 - routi ne shown in
Fig. 1 with an adhering of the work 2 by suction as a first step. Provided
that an all owabl e angle of an inverting angle B of the third axis J3 is set
to 5 [err] , since the present position is O[err] and the target position
Is 180[err] , the,djfference between.the tarqget, position and.the _present
bosi tion becondd THeterEFERace PEFFRRLING pleiEa, P | 1RdnBRHIbY AREEE
difference is out of the predetermned range at the step IV. Accordingly,
t he novi FQUPFASInG at%@ma(%& 6of srerding aPrefespeskiiomeisthp handd & he
hand 6 is nmoved to the point 4 at the |ow speed. In this case, even when
the travetep dIIIhi 6f computing the dibfference dealiwean itdre davghtxitarnget
within an

position and the present position of the hand, a step (Iv) of

judging whether this difference is within a predetermined range or
not, a sltep (V) of setting a moving speed of the hand to a
predetermined normal speed when the difference is within the
predetermined range, a step (V1) of setting the moving speed of the
hand to a predetermined low speed when the difference is out of the
pfedetermined range, and a step (VII) of mﬁving the hand
automatically to the target position at the set speed. When the
hand is moved over a long distance in the case of which interference
is liable to occur, the moving speed thereof is low; when the hand
is moved over a short distance, the moving speed thereof is normal.

Therefore, the hand can be stopped easily just before interference

occurs, and the overall operation efficiency can be improved.
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al | owabl e range, the hand 6 is noved at the | ow speed in view of the

al | owabl-e val ue of the inverting angle B. (CASE 3) Fig. 5a and Fig. 5b show
a case in which the work 2 is picked up fromthe work supply base 1 and the
work 2 is rotated 180 right after a slight lifting thereof and the
operation is stopped in the m dst of thégﬂoﬁatﬂon because of a trouble
during the rotatio a'ga q operation is again returned to a nornal
operation. In Fig Pﬁéﬁﬁgyﬁ inverting angle Bis set to 45 [err], if
the rotation of th i ntinued, the work 2 interferes with the
works 2 mounted on thé wofk Supply base 1. Accordingly, the hand 6 nust be
rotated at a | ow speed. Oh the other hand, in Fig. 5b, since the inverting
angl e B exceeds - 17 - 90 and is clpse to 135 [err] the hand 6 can be
rotated at a nornal d. Nagely, prgvided that the target angle is set to

180 [err] fde gJ—J- We PN EEREERENEE |4 be set to 90 [err] . In this case, in
Fig. 5a, | \\QBE CHECKED/?T/%

T~""YES

Il
READ THE PRESENT
POSITION é{_,r’

' i
COMPUTE THE D!FFERENCE ér///"
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since the difference between the target angle and the present angle is 180
[err] - 45 = 135 [err] > 90 [err] the rotating speed of the hand 6 is set
to be a | ow speed, while, in Fig. 5b, since the difference betmeen t he
target angle and the present angle is 180 [err] - 135 [err] = 45 [err] < 90
[err], the rotating speed of the hand 6 is set to be a nornal speed. '

Al though, in case 2 and case 3, hand 6 is inverted at an angle B, the

al l owabl e rotating val ue vari es dependi ng on changes of conditions around
the robot and on the target position. (CASE 4) Fig. 6 shows a case in which
one edge of the work 2 is inserted in the bending nold 8 of the bending
machine 3, the hand 6 is retracted, the hand 6 is rotated on the vertical
axis J4, the hand 6 is advanced so as tb i @se#t the other edge of the work
2 in the bending nold 8. In these steps, when the work 2 is dropped in the
m dst of rotation froma point R3 to a point R4, the work 2 is placed and
positioned in the bending nold 8 again and the hand 6 which is returned to
the point RL grips the work 2 and the hand 6 is operated to nove to the
position R3 based on the sub routine shown in Fig. 1. In this case, the

al l owabl e angle Ad of a revolving angle Ais set to lerr] 45 [err]. Si nce

the present position W{RlﬁNG LRC&LI%” p)z I $anpead byy amis
b 6 X AXIS @) \f\/

: | A ' Z
ﬂ%i\g —2

PRODUCT

o P4
6 :_ ::/::;j:i,,,Pl
=0\ —
HORK I~~~ = Al " oy PRODUCT
s s

/ 4, PRODUCT STACKING BASE
| WORK SUPPLY BASE



encoder and the difference between the target position ( A =180 - 18 -
[err] ).and the present position is 180 [err] > 45 [err] the hand 6 is
revol ved at a | ow speed. Accordingly, even when the retracting and _
revolving of the hand 6 are carried out sinultaneously and the possibility
of interference of the work 2 with the nold arises, the operator can stop

t he novenent of the hand 6 right gﬁf re the occurrence of the interference.
Wien the hand 6 is not set to fall B gbeed operation, the operation of the
hand 6 is continued at a nornmal speed. The above-nentioned interference
preventing nmethod can be carried out using the robot 62 shown in Fig. 7
whi |l e incorporating the sub routine shown in Fig. 1 to the conventi onal
operational program As ne readi ng the present position of the hand
6, the encoders which are(akfggdy i ncorporated in the original robot for
reading the rotating angl & can bg utilized as it is, while the conventional
t eachi ng neans can be utilbzed—as neans for teaching

WORK PICK-UP STEP

DESCEND | NG-ADHER NG e-—‘®
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™~.___ | stop
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the target positions. Although the above-nentioned enbodinment of the
present <invention is explained in view of the robot' having 4 degrees of
freedomon rotated joints ( J1 to J4 ) and 4 noving coordinates ( X, Y, A
B ), the robot having 2 to 3 degrees of freedomor equal to or nore than 5
degrees of freedom can be used in.the interference preventing nmethod of ‘the
present invention. Although the enbodi nent is nmainly explained in view of
cases in which the operation is returned to the main routine after being
stopped by the occurrence of a trouble, the nmethod of the present is not
restricted to these cases and can be applied to other cases, - 19 - e.g.
a case in which the nethod is applied to teaching of an operational route
based on a basic routine so as to nake the hand nove to a specified target
position efficiently. Industrial Applicability The interference preventing
met hod of the present invention can readily return the operation to the
original routine while FIG. 4
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preventing the interference in such a case that the work is dropped in the
m dst of- the operation so that the operational efficiency is enhanced. The
robot of the present invention carries out such a nmethod. - 20 - CLAI M5
1. An interference preventing nethod for industrial robots in which a hand
of a robot is automatically noved toward a taught target position, '
conprising a step of reading the actual position of the hand, a step of
conputing the difference between the taught target position and a present
position of the hand, a step of judging whether the difference is within a
predeterm ned range or not, a step of setting the noving speed of the hand
to a predeterm ned normal speed when the difference is wthin the
priedeternmined range, a step of setting ving speed of the hand to a
predeterm ned | ow speed when the difference”is out of the predeterm ned
rgnge, and a step of noving the hand automatically to
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the target position at the set speed. 2. An interference preventing nethod
for. industrial robots according to claim1l, in which present positions are
determ ned by a plurality of coordinates and the difference between the
taught target position and at | east coordi nates on one axis is conputed and
t he judgenent is nade based on the difference. 3. An interference
preventing nethod for industrial robots according to claim1, in which the
novi ng speed of the hand is set to a Low speed when at | east one of the
coordinates constituting the taught pbsi®iof and the present positions is
out of the predeterm ned range. 4. A handling robot of a type which repeats
an operation to - 21 - pick up a work froma predeterm ned position and
transfer the work to another position in place in accordance with a taught
path and an operati onal sequence,.conprisiga a hand to grip the work, a
ngghanisn1to nove the hand, a detector ects a present
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position of the hand, nmeans for teaching a target position of the hand, a
mechani’ssm f or novi ng the hand, means for storing the noving speed of the
hand which varies at |least in two stages and a predeterm ned range of
di.fference between these speeds, nmeans for conputing the difference between .
a taught target position and the present position of the hand, neans for
judgi ng whether the difference is within the predeterm ned range or not,
and neans for setting the noving speed of the hand to a normal speed when
the obtained difference is within the predeterm ned range while setting the
novi ng speed of the hand to a | ow speed when the obtained difference is not
W thin the predeterm ned speed. - 22-
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