1 DESCRI PTI ON WORK ROBOT HAVI NG EXCELLENT WORK
RESUMPTI ON Technical Field [0001] The present
invention relates to a work robot capabl e of noving a
known work device relative to & wor kpi ece and
executing intended work on the workpiece, and nore
particularly to a work robot that is excellent in work
resunpti on. In the present invention, the term
"wor k" or "working" nmedisSERIPII0OONs primarily _

i ncluding supply and application of a liquid material,
screw ng, soldering, assenbly, nounting, and so on.

Kk Art 0002] I n one exanple of known work
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di scharging a liquid material or a screwing neans, is

held to be able to nove relative to a workpiece as a
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e programto be repeatedly _
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In the present invention, the term "work" or "working” means
operations primarily including supply and application of a liquid material,

screwing, soldering, assembly, mounting, and so on.

Background Art

[0002] In one example of known work robots, a work device, e.g., a
device for applying or discharging a liguid material or a screwing means,
is held to be able to move relative to a workpiece as a work target, and
intended work is performed by relatively moving the work device and the
workpiece. Such a work robot incorporates therein a program
describing details of the work. Generally, the program is prepared by
successively describing instructions for, by way of example, moving and
operating a working means in the order in which the instructions are to
be executed. An instruction for commanding some instructions within
the program to be repeatedly executed is often included in the program

as required.



2 [0003] For exanple, Patent Docunent 1 describes a
desktop work robot for, e.g., screwing, in which a
programis incorporated to be automatically executed.
Patent Docunent 1: Japanese Patent Lai d-Open No.

HO6- 312389 Di scl osure of the Invention Problens to be

Sol ved by the Invention [0004] A work robot often
undergoes interruption of work in a state where the

(YK T EonexanulemPeyenr Baghmeno tatesntbés addesitdaeErk robot
with a program_ Such an interruption occurs, for
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energent condition and stops an energency stop button,
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nd i.s~energently stopped_in an automatic manner, in
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power failure, and in the case where, though not in

emergency, the worker intentionally cuts off a power

| t rarily stop the work. [0005] The
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has been stopped. In other words, the "wotKkpiet
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button, in the case where the work robot determines an error and is

emergently stopped in an automatic manner, in the case where the work

robot is stopped due to a power failure, and in the case where, though

not in emergency, the worker intentionally cuts off a power switch to

temporarily stop the work.

[0005] The occurrence of the above-described interruption results in a

state that the intended work is not yet completed, i.e., that the work to be

performed on a workpiece is also interrupted.

In such a state, the condition of the workpiece cannot be
confirmed from the viewpoints of hardware and software. Therefore, the
work cannot be resumed from the same state as that at the time when
the program has been stopped. In other words, the workpiece has to be
replaced with a new one and the program has to be executed again from
the beginning.

[0006] Executing the program from the first instruction, however, means

that the work performed on the workpiece so far cannot be continued and



t he begi nning. [0006] Executing the programfromthe
first instruction, however, neans that the work
performed on the workpi ece so far cannot be continued
and 3 work has to be restartéd on a new wor kpi ece.
Accordi ngly, the workpiece and the liquid materi al
having been used in the interrupted work are wasted.
Wien the workpiece and the liquid material are
wexlhdiasi toehe sestarieyl ohe peabivenkmibceLchosasdiaglys tkeenl y
demanded. From t he vi ewpoint of working tine,
wpkpigea iy theslienid meserisbhaving beemmsleddn theriaterrupted
wor kpi ece. [0007é Further, if the programis forced to
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Another problem from the viewpoint of a human error resides in
that, because of a tendency to overly take care of waste or loss caused
by the forced stop, the worker may hesitate to determine the occurrence
of an emergent condition in spite of the actual occurrence thereof, and
the emergency stop may be delayed.
[0008] In view of the above-described problems, an object of the
present invention is to provide a work robot capable of, even when a

program is forced to end, resuming work from a working state

immediately before the forced end.

Means for Solving the Problems

[0009] To solve the above-described problems, according to a first
aspect of the present invention, there is provided a work robot
comprising a holding unit for holding a known work device, relatively

moving means for relatively moving a workpiece and the hoiding unit, an



[ 0009] To sol ve the above-descri bed probl ens,

according to a first aspect of the present invention,
there is provided a work robot conprising a hol ding

unit for holding a known work flevice, relatively

novi ng neans for relatively noving a workpi ece and the

hol ding unit, an 4 information processing unit, a
‘storage unit, and a variable storage unit, the work
infeppetiparfrocassiggi whienaledonagrekubly, 2ed at varghlylenesiage unit,
the holding unit and the workpi ece in accordance wth
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According to a t

vartalBetbidgd yagpect of the present invention, the
vari able storage unit is a rewitable nonvolatile
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of the present invention, in any one of the first to

to themadrkasbpott s of the present invention, the variable
storage unit stores, as the working state infornmation,

a WORRCQTEdNE to asthiighasip é o ofethehp afsesit épsestion ha the first
asbggteggtehde \g(r)ersként invention, the variable storage unit is a rewritable
nonvolatile memory.

According to a fourth aspect of the present invention, in the first,
second or third aspect of the present invention, the variable storage unit
is @ memory having a shorter read/write time than the storage unit.

According to a fifth aspect of the present invention, in any one of
the first to fourth aspects of the present invention, the variable storage
unit stores, as the working state information, a work number assigned for
each of steps of the intended work.

According to a sixth aspect of the present invention, in any one of
the first to fifth aspects of the present invention, the variable storage unit

stores, as the working state information, absolute position information of

the holding unit with respect to a reference position.



According to a sixth aspect of the present invention,
in any one of the first to fifth aspects of the
present invention, the variable storage unit stores,
as the working state informati®n, absolute position

information of the holding unit with respect to a
reference position. 5 According to a seventh
aspect of the present invention, in any one of the
firstAcaerding to asyeeersh afs pielee op ties pRéséMVieREhabn, iM8ny one
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state i medi ately before the power-off, whereby waste

of the workpiece, |loss of working tinme, etc. can be

m nim zed.
Effect of the Invention
[0010] With the present invention, since how far work has been
performed immediately before any interruption of the program can be
confirmed, the work can be resumed continuously from the step
preceding the interruption even when the program is interrupted.

Also, even when power supplied to a control unit is shut down

accidentally, the work can be resumed from the state immediately before

the power-off, whereby waste of the workpiece, loss of working time, ete.

can be minimized.

Brief Description of the Drawings

[0011] [Fig. 1] illustrates an example of an apparatus for successively
applying (supplying) a liquid material to wells formed in a microplate by
using a discharge device that is mounted to a desktop XYZ-orthogonal

work robot.



Brief Description of the Drawi ngs [0011] [Fig. 1]
illustrates an exanple of an apparatus for .
successively applying (supplying) a liquid material to
wells formed in a microplate by using a discharge
device that is mounted to a desktop XYZ-orthogonal
work robot. 6 [Fig. 2] is a control block diagram of
the work robot. [Fig. 3] is a plan view of the _
mi cr offfiat 2] is] #Fiogntetll bilscladfdgreahaf the hawkrebpe ocessi ng
of a programin Embodinment 1, the program bei ng

pr epaft%é@i- dhist alas wiewioddhe ficgopBlei s a plan view of
a wor kpi ece on which work has been perfornmed in
Enbodir@nd] i, a flowchart showing processing of a program in

Embodiment 1, the program being prepared on the user side.

[Fig. 5] is a plan view of a workpiece on which work has been
performed in Embodiment 2.

[Fig. 6a) is a flowchart (1/2) showing processing of a program in
Embodiment 2, the program being prepared on the user side.

[Fig. 6b] is a flowchart (2/2) showing the processing of the

program in Embodiment 2, the program being prepared on the user side.

Description of Reference Characters
[0012] 1 work robot

2 Y-direction moving means

3 work table
4 intermediate plate
5 post
6 X-direction moving means
7 Z-direction moving means
8 head
9 syringe holder
10  syringe
11 nozzle
12 air tube
13 dispenser
14 communication cable
15 power switch



[Fig. 6a] is a flowchart (1/2) show ng processing of a
programin Enbodi ment 2, the program being prepared on
the user side. [Fig. 6b] is a flowhart (2/2) show ng
the processing of the program fn Enmbodi ment 2, the
program bei ng prepared on the user side. Description
of Reference Characters [0012] 1 work robot 2 .
Y-direction noving nmeans 3 work table 4 internediate
pl at €165 povergenCydstopcswioch novi ng means 7 Z-direction

novi ng neans
workpiece

Best Mode for Carrying out the Invention

[0013] A work robot of the present invention comprises a holding unit
for holding a known work device, relatively moving means for relatively
moving a weorkpiece and the holding unit, an information processing unit,
a storage unit, and a variable storage unit, the work robot performing
intended work by relatively moving the holding unit and the workpiece in
accordance with a program instruction, wherein when execution of the
intended work is in progress, working state information is successively
stored in the variable storage unit. In the case of the intended work
being made up of 64 steps, for example, whenever (each time)
processing of each step is executed, the state after the execution of each
step is stored in the variable storage unit. With such a function, even
when the program is forced to end in the middle of the intended work and
then the intended work is to be resumed, the intended work can be
continuously resumed in accordance with the working state information
stored in the variable storage unit. Examples of the case where the
program is forced to end include not only the case where a forced end
switch is pressed, but also the cases where the forced end is caused due
to, e.g., a power failure and disconnection or decoupling of a power cord.
[0014] The working state information stored in the variable storage unit
should be never lost even with the forced end caused by an external
situation. To that end, the variable storage unit preferably has a power
source independent of a power source for the work robot so that the

working state information stored in the variable storage unit is not lost,



8 head 9 syringe holder 10 syringe 11 nozzle 12 air
tube 13 di spenser 14 conmuni cation cable 15 power

switch 7 8

even when the power supplied to the work robot is shut down by, e.g., a
power failure or a human-originated accident.

It is essential that the working state information is stored in a
usabie state when the work is resumed. To that end, when an assumed
interruption time is short, a volatile RAM may be used as the variable
storage unit in combination with a battery-type power source, e.g., a
charging battery. When the assumed interruption time is long, the
variable storage unit may be constituted by a rewritable nonvolatile
memory, a flash memory, a hard disk, or the like, but due consideration
is required regarding a limitation in processing speed.

Hardware employed for the variable storage unit is designed to be
optimum, as required, from the viewpoints of the processing speed, data
capacity, the assumed interruption time, and the cost.

Further, the variable storage unit is preferably made of a memory
having a shorter read/write time than the storage unit to ensure that
writing of data into the variable storage unit will not become a bottleneck
in increasing an execution speed of the program.

[0015] The term "program" mentioned above means a program
prepared by a user. The program is prepared on the user side in match
with the known work device to be mounted and details of the intended
work, and it is rewritable. A basic program not requiring rewrite is
previously stored in a ROM included the storage unit, and it is not
contained in the above-mentioned program.

[0018] The working state information is changed, as required,
depending on the known work device that is held by the work robot of the
present invention. For example, when the known work device is a

discharge device, the state of movement of a plunger is aiso stored, in



16 enmergency stop swtch 17 workpi ece Best Mde for
Carrying out the Invention [0013] A work robot of the
present invention conprises a holding unit for hol ding
a known work device, relatively noving neans for
rel atively noving a workpi ece and the holding unit, an
i nformati on processing unit, a storage unit, and a
va[i,abl e storage unit, the work robot performng
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armoienivof dateytes betstored eaneie oadiséed B sjtarih?qnéﬁfds?%ﬁ
_ storage unit should be never lost even wth the forced
infern ad s etithsy wankeieceravad tise wakidevicd m thato @&t reR8ive
. variable storage unit preferably has a power source
infor@diendent of a power source for the work robot so
fﬁ,{;ﬁt he working state information stored in the
[0Qh¢] abredails of shye puesent inveationosil), be 8escribed below in
connection with embodiments, but the present invention is in no way

restricted by the following embodiments.

Embodiment 1
[0018] This Embodiment 1 is described in connection with, by way of
example, an apparatus for successively applying (supplying) a liquid
material to wells formed in a microplate by using a discharge device that
is mounted to a desktop XYZ-orthogonal work robot.

Fig. 1 illustrates a desktop work robot (1).

The work robot (1) includes a work table (3) that is installed on a
base to be movable in the Y-direction by a Y-direction moving means (2).
A microplate (4), shown in Fig. 3, serving as a workpiece is placed on the

work table.



even when the power supplied to the work robot is shut
down by, e.g., a power failure or a human-origi nated
acci dent . It is essentjal that the working
state information is stored i n'h usable state when the
work is resuned. To that end, when an assuned
interruption tine is short, a volatile RAM may be used
as the variable storage unit in conbination with a
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program [0016] The working state information iIs
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respierei he. misepiatanidl) ei.eutba work pkexcaviwank kardet), aehics is
a chSChﬁrge device, the state of novenent of a plunger
plgcecpedhgiwpiddtables 9 addition to relative positions
of ?}work i, ec %nd a nozzle, as the working state
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an f .such i pternedi ate position as
(1 9k PRI 1383 ERePlk o GpEBEnd o Ender omgsred
rm ' epeat edl,y,. perforned, a val ue
pr%ﬁgggéﬁl&%ﬁgt%‘g méefﬁ{driglengdttf s of repetitions
may e ARle. ' pl.yral .wor kpi eces,
val ue coﬁfggﬁgﬁé?ﬁ%%qﬁyétﬁﬁrﬁi@t {'ate iNBErSBhRER By
communication cable (14) such that data can be transferred between the
dispenser and the work robot.

On the base of the desktop robot (1), there are disposed a power
switch (15) for turning on and off a power source for a main body of the
desktop robot, and an emergency stop switch (16) with which a worker
can forcibly bring the work to an end in the event that an unexpected

emergent condition occurs during the work.



of fabricated workpieces nmay be held. When
fine accuracy is not required in the intended work, an
anmount of data to be stored can_be reduced by storing
the position information of thélmorkpiepe and the work
device in the formof relative information. [0017]
Details of the present invention wll be described
bel gw i n connection wth enbodi nents, but the present

[QGRnt Fish 4 & 8 eondraldyoslediagratedf bye weekfrobbowi ng
enbodi nents. Enbodinment 1 [0018] This Enbodinment 1 is
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previously installed at the delivery of the work robot.

The RAM is a memory allowing data to be read and wriften at a
high speed, and it primarily temporarily stores data generated during the
execution of the program.

The auxiliary storage unit is a memory which is readable and
writeable and is constituted such that data stored therein is not erased
(reset) even when power supplied to the control unit is shut down. The
auxiliary storage unit stores, e.g., a work program which has been
prepared by a user and which describes details of the intended work.

The)@dnecﬁonrnovmgrneans(6Lthe‘#dhecﬁonrnoﬂngrneans
(2),ﬂuaZ—dnecﬁonrnovhgrneans(?),andthecﬁspenser(13)are
connected to the CPU for transmission and reception of various signals
between them.

[0021] Further, the work robot includes a variable storage unit. The

variable storage unit is a memory constituted. similarly to the auxiliary

storage unit, such that data stored therein is not erased even when
power supplied to the control unit is shut down. The variable storage
unit stores values of various variables in real time during the execution of

the program. The memory serving as the variable storage unit is

constituted, for example, by a volatile memory connected to a power



10 Two posts (5) are installed near a rear end
of the base on both sides thereof, and an X-direction
nmovi ng neans (6) is horizontally supported by the two
posts above the base. A head (é provided with a
Z-direction noving means (7) is nounted to the
X-direction noving neans (6) to be novable in the
X-direction. A syringe holder (9) is nounted to the
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bR ALAEIE By DS RSP SRR

the syri

. ; 1 i
cdRal 4 atch) S0ORSES ol S ALEREBAE kS e

[0Dbbe] aiAs hlﬁb?n§)é@éntfi‘?1rpraad¥ﬁ:%if 3 ‘tHéTY?rigPIee storggg unit may

di spenser (13) and the work robot (
be atsperateeirie Rhito£ ATBTUSH SR 50M CaRME cohdlinst t@{:t

data can be transferred ‘between the di spenser a
awdiidryrstboage unit. HoWavehesiRasehefvalhes desid Q/%{ira‘BIPé’é are

(1), there are disposed a power switch (15) f
chengeidnigoonmamde of fo momoser, thewgrbiekieragdl nksYréferably

the desktop robot, and an emergency stop switch (16)
copstititeti whaa nadrtkeedear 4 osadintetsporgl Ehen Watikn 10sfdYes

end in the event that an unexpected energent condition

Sope BRsisAuith e taxiliwiykstorage unit.

The values of all the variables in the program are not always
required to be stored in the variable storage unit, and only the values of
specific variables designated in the program may be stored therein.
This reduces the number of the variables to be stored in the storage unit
to the least necessary ones and hence contributes to cutting the
read/write time with respect to the storage unit.

In this embodiment, the CPU corresponds to the information
processing unit, and the ROM, the RAM and the auxiliary storage unit
correspond to the storage unit. The CPU serving as the information
processing unit receives signals regarding various kinds of information
from the X- to Z-direction moving means, the dispenser, the ROM, the
RAM and the auxiliary storage unit which serve as the storage unit, and

the variable storage unit, and then executes information processing



[0020] Fig. 2 is a control block diagramof the work

r obot . Looki ng fromthe vi ewpoi nt of function,
a mai n body control unit corrprhies a CPU for executing
arithnmetic and | ogical process and menories,
including a RAM a ROM and an auxiliary storage unit,
whi ch are connected to the CPU and have different
functions. The ROM i s a readabl e, but

i ’l“ﬂ%’@”ﬁ%%ﬁ?ddﬁ@icﬁimabaé&ca@m@mmw Further, the

trucgtion nformati on of the work robot, whi ch
SﬁF‘éW‘é Za VS?WQIQM sanats inthegdt te drgirettionenowing
RAM i s nenpry. allow ng data to be

me%??% %’P%W.dﬂ%%er{"%f é"H RO SEE, Signals feﬁa'ﬁisﬁ'ﬂﬁnw?e
on
int PRI sohekidred iNthe RERERRG T %%xé?%w%ﬁgra‘fgﬁf Gnitavhich
|1 S
Rt artey PR S ARG ke T her el n i 5 not

constil

(08233 716 858"l pRAPViEIBY (O VRELSHBRL | SFhé Sl Selby s hes

uni i s shu

W@Hsgwhlé‘h WoE kn RRAGRA cYWe%'%sQ@? c@%%%ii%?eﬁgtgrﬁggl\m%%qﬂls

whi ch describes detail's 0

mate? 3 tHer SRt wHIvh B9 HRed B o girmﬁkﬁplttéirﬁ 57 e | ?\%in

nmovi ng neans (2), the Z-direction

intendalshier thiesRyRGiesctidrm. arrﬁtrﬁ@rérﬂﬁ%éi%érﬁ e t%g%
transm ssion and reception of various sign vveen

artareged [I0024 X-Birsthien ard BvaRekyERbate iR ngikBirdthe
variable storage unit. The variable storage unit is a

Y-grgotighconstituted, simlarly to the auxiliary storage
unit, such that data stored therein is not erased even

when np%l)\%lenﬁmxﬁimwd thoe lineic omtedhl isnsdcdessibsly si@Mlied to
The vari abl e storage unit stores val ues of various
a grauradl wellprarrenaged iméhelX-ditgctibe feoradbei left tofvarbiehe right.

The nmenory serving as the variabl e storage
AT tHe; SURRIKSI bt kswid mat%bgaéﬁ@nbe rightenosdivenll Ireonervely

t 12
gr&?;?rl]se%%dple?ecﬁ tﬁev}%wd material is likewise successively supplied

to another group of wells, which are arranged in the X-direction at a
position shifted from the preceding one well group by one interval in the
Y-direction, from the left toward the right. By repeating the above-
described supply operation, the liquid material is eventually supplied to
all the wells in the microplate.

Herein, for the sake of explanation, the wells arrayed in the
X-direction are denoted by numerals 1 to 8 successively from the
leftmost well. Likewise, the wells arrayed in the Y-direction are denoted
by numerals 1 to 12 successively from the uppermost well. Based on
such numbering, each well is expressed by (number in the X-direction,
number in the Y-direction). Thus, a well indicated by Ain Fig. 3 is

expressed by a well (6,5).



source, e.g., a battery, which is separate fromthe

mai n power source for the control unit, or by a

nonvol atil e menory such as a hard disk or a flash

menory. Since data is witten t+hto the variable

storage unit in real time during the execution of the
program the variable storage unit preferably has a

hi gher wite speed than the auxiliary storage unit. A
[Gddol Big. esRave @neaekakoplewiprycdesing dii pesgrai { Srepared
speed. Thus, it is particularly preferable that such a
opdhgtyses sigemwiarsiseaptayted lanthe deskixtperbtmttiat bpbyyiag the
.as, to ?revent the witten data from being erased.
liqygpptedaldodbeppirsap!ats. practical use, the variable
st or age ﬁai nq% be a separate single unit or may
shar &’%8 éﬁéﬁ‘f UsEAsAS tWipivRgiaties atoded iarthesvaniaye

SRt ST o, STRARA i Mhormart COVREPORRS Sblechasiopage the
wiTif 3 PPFEBLER yBR RinshbltosRBHALY Saimesparcs ind n
PoslEofef g M@ Bkbiamot e mErahbls S T cqui red

the sortins o brecer! Bl Bt SR E e Vo gha o
Yo R T EARr QB 1 P Biole TP R ARG i PO

(otigtn)l sRtBle WBAEHSHStYy ones and hence contributes to
cutting the read/wite tine with respect to the

st ora®, WP Bind Yp repreddhttrespefiPOdiVBILs of MGtetTils
corresponds to the information proCessing unit, and
betiweeRANE walts RAM@Xddirbetiantind e/ YSAiPE@dsh, Uhd they are
~correspond to the storage unit. The CPU serving as tﬁe
fixedf\alnes inon gheogesisimgngnhe exeseitivesofsihgnsloyraggar di ng
various kinds of information fromthe X- to
Z- di Yodeitbe valuerf ememsariabie it Bpeasented becRGMonkha this
RAM and the auxiliary storage unit which serve as the
emiietigpntuiinnay dsddesemaniesbbee dtyoomgensteiatl, dnattlidvent is
eafcutes information processing 13 including
negh|assnior soy that 9 ygiuareopingtironscalaslatiogubased on pilural
FuB{her t he U sends work instruction signals to the
vanables AR PRI SHIFigeedinbland t he di spenser, and
0 S, signals.representin he information to be
[Oo?tsjr e'?ﬁ gﬁ 't ﬁe‘Q%RM‘”%%g t“ﬁéetgﬁii\”?‘?fkrw kg BEHGEMGS I8 P el a
f ¢ es in the, stora unit. 0023]
coriffutin 874 BIRECIER inferriBicH BiodRiate HrneTmis
W FalatP I hch are.in the form of
deBRTORIG Eabitls BRRIET) sBelliqite iy el BY the
wohhe & | ed. | ri ftern at.
T Sarf e I ANIBAER pEadtiodhe? P offclmBtion tha
hagpbedi JtBfdd ifh S ' e ;
X—directionrgﬁgb%&gﬁggJQSFﬁgqéﬁgngfggggﬁ%ﬂﬁ“n?ﬂgphonOf
the'viiegi.recti on. In this enbodinent, the liquid
material is successively supplied to a group of wells
ar r &mged cave tdien ey Rl ie0Nwhieathiehey g f
right. After the supplgmof t he quu?ﬁh§é§g$?a t?éﬁ&ﬁgdto
therhghoptede frahltheroayianivg)l tigs Yupiabfe < OXPARY € atdRoset
liquid material is |ikew se successively supplied to
sucridieihé isgpwiuip edcivef tise vahiabllesOx and @adep)t he
X-direction at a position shifted fromthe precedi ng
one well group by one interval in the '1-direction,
fromthe left toward the right. By repeating the

above-descri bed supply operation, the liquid nmateri al
is eventually supplied to



all the wells in the mcroplate. Herein, for

t he sake of explanation, the wells arrayed in the
X-direction are denoted by nunerals 1 to 8

successively fromthe |eftnost!%el . Likew se, the

wells arrayed in the Y-direction are denoted by

nunmerals 1 to 12 successively fromthe uppernost well.
Based on such nunbering, each well is expressed by
[QGRfbeFhen, theenxzaier echiosad ratatver td thet récroplate (step 3).
Y-direction). Thus, a well indicated by Ain Fig. 3 is
Coppriaades toywhichdhe nagzig is tabe[roopdd aFegbtairshbhaseden a

f ' f rogram prepared on the
oSG rmiac o St atsh B9 1 R 9861 off oroexampis, o
| liquid dal tothe mcroplate.

t%‘gg%ﬁ@% gﬁge{y@%rggﬁ{%é S'Qrmgﬁ?"éé %@Qﬁ%go ibg apelied to the

[ it in thi mhodi nent. Cx )
wEB1eBo e Hingobpeatse 81 Curie tuand G hthe coordinates

' [ h ] I corresponds to a
of T8 E0 16D fir bl b7 (BN badedetiivh Brovheaicutation
forefiop! ate. XO and YO represent respectively an
OX—codrdinate val ue and a Y-coordi nate value of a well

i ' i gi f the.

0087 AT S gy SHBIER B3 il e i
; . J : .S LN

SR oy Bt P e R Ll

méteres iM&héQﬁ;rn@eV%Fsihlé@@ﬁﬂrgjéﬂ frideh the n%&ﬁ@éhﬂrlgl%@p}@%d to

program e the value of each varra

theneelebyriransaitingya ighdlFrdrithie IR of tle BR¥KRS robot
decrenented one by one instead. Further, it is
torbedlisgenser siaythehad manweibador @abld bRd ddWThg the disper(ljser

cal cul ati on based on plural variables can al So be use
to ssippttie alranmedi @ preset pressure to the syringe for a preset time
through the air tube.

After the end of the application work, the value of the variable Cx
is incremented by one (step 5), and whether the appiication work in the
row direction is completed (i.e., whether Cx = 8 is satisfied) is
determined (step 6). Because Cx represents the serial number of each
of the wells arranged in the X-direction, which is counted from the
leftmost well, the case of Cx < 8 means that the nozzle does not yet
apply the liguid material to the rightmost well, and the case of Cx = 8
means that the nozzle has completed the application of the fiquid
material to the rightmost well. Therefore, if the value of Cx is less than
8, the operations of the steps 3 to 5 are repeated. If the value of Cx is 8,
it is reset to Cx = 0 and the value of Cy is incremented by one (step 7).
[0028] Subsequently, whether the application work in the column

direction is completed (i.e., whether Cy = 12 is satisfied) is determined



[0025] First, it is determ ned whether work to be
perfornmed is new or a continuation of the preceding
interrupted work (step 1). This determ nation can be
made in accordance with an instfuction by the worker
or can be automatically made in accordance wth
informati on that has been stored in the storage neans
and indicates the interruption of the work. In
(step &asSBafausmnCyaekréserets, thehaaridiheurhbapiotl caBhalfitak wells
is applied to the mcroplate fromthe beginning), the
avanpadlisghexy-amg ofpnamehiceseosnedd filumh theilsftpidlst wel, the
each of the variables Cx and Cy (step 2). 15 [0026]
cagferf Gyhe Romsans thatdhedazaiatioge nat tdteapyle toplliged
step 3). Coordinates to which the nozzle is to be
Medidd tgrbeoweli(Betl)bubiah srlogated etipdowsnmiast mighdmofst
For exanple, at the

P&&ﬁn%ﬁ%?ﬁ?ﬁ%@% ;S'R;%)ﬁ'ﬁa@i thatrbi@ Miozr lenbasisompleted
PR Rl bl ShabaSie TR T L
THRERRIR [ousileapl EF B d5af 42 fud e foned toe steps 3
o £ BEPURIAL. (P Tne MIEGTENE Fhetils Bibdns diaerPal i n
crl Rt 00, S ar AR S DRI e e

supplied tot
th& APpIRG iR Wofl id G%l&qﬁﬁbo% paRot to the dispenser via
e an

t he ‘conmuni cation ca causing the dispenser to
[0829p! Thais! byndeliny MeaskziR @St soéi'f’iohhc?or%;%ée}?cﬁpﬁgb the

a preset tinme through the air tube.

X\erdoodinthes applachalken Ryinp - itpRl e
Cx is increnented by onle (s?pe%&gfﬁﬁgﬁl%e%{%d/? etﬁ@

vasipples 8 amd VB ks idesichibedoab el e eigkirottibhs IBFRALRE the
(i.e., whether Cx 8 is satisfied) is determ ned (Step

nogyle BeaHibe vixlly apthesanitmoglbe senitd) provbed wingasly ohe
the wells arranged in the X-direction, which is

meysme gt irfstomtidnewitbbubpse paehy mohemeas instfudiors &
nmeans that the nozzle does not yet apply the liquid

depignate dhetwardinategiafmisthanwells. and the case of Cx = 8

ns . that the nozzle has conpleted the application of
(ko V\hﬂﬁe’dmﬁa%ﬂ?éloﬁlBsi‘fh@tl@ﬁlgmsﬁdstﬁ thel ahovehdeetibed

ﬂoif t he val ue of % Is less than 8, the operations of
¥RB2E dissexceited By dhe spkioddnity, showa VaFige Zfwibkini the

wofl bbb AbEd et b Tevagiohles (Goab] G steqiwma i the

vaif gl a0 4T L R ALl 5% Fesiorvempar
apPRdSIdR Wk is stopped at once without saving the variables, such as
even when the emergency stop switch is pressed, or even when a power
failure occurs, or even when any error is generated within the work robot,

the values of the variables immediately before the stop can be kept

remained.



16 (step 8). Because Cy represents the serial nunber

of each of the wells arranged in the Y-direction,

which is counted fromthe |eftnost well, the case of

Oy < 12 neans that the nozzle Hbes not yet apply the
liquid material to the well (8,12) which is |ocated at

a | owernost rightnost position, and the case of Cy =

12 neans that the nozzle has conpleted the application

of t HY refguiing natibeistbradvahesr oigthtenvstiabrek! t{Smwk?k-can be
Therefore, if the value of Cy is less than 12, the
resiarigd amshetoptisugtiepofiheprecadimg epeatdtbn tésurhed, even
. value of Cy is 12, this neans that the application of

‘f;{ @ R'PEIRW IFee&ciuded B@adn framdhedbielggnmisigconpl et ed.

e, ,the application work i s brought to an end.
[0@339]""\%&%9%&0%%@ e UtR 2fter resumptisesot ihenwork will
bE YLESRe gljnlﬂ to the XY:coor,&'i nat es of each well wth

¢ desEupeaPeRY Br v me tictowBre phacterli ewAreBlecx. and Oy
i nstructi for noving the nozzle

13 SR E R AR b AT ol

L L e L RO R
I j | [ f o [

o 8 o e APl D TRELECE BRIV 8]

used In'th
U Nyt j O W L Hi-0 t he.wor k
R 0 NSRS e BRGNS oy ke
Shes ek & & ab i ; { Ao ;
RLO8 S5, 0 P A0 ST o AL ARV Rk e
costappett it reaee davaliBeUheSINIgHaNT BeoYabiA Mg &ﬁé‘g[ﬂ; P the

even when the energency stop switch i's pressed,
pressingwbieth cae pengenfaistals euaeaur %o@évéMQHeW%tﬁF¥ Cx and

error is generated within the work robot, the val ues

Cyostared indhieatdrisble ratedigy ahit drefravterelsee aHidofrCABIOS! the
kept remai ned. 17 By referring to the stored

valuguex o6 ame Craridbhemdistedy hefdrectre heceddmit ed as
t he continuation of the preceding work when resuned,

[0@3h VYheméhemmjkdmresumes dhedrageam isratartebiefrom the first
. S?e i.nning. [0031] A flow of processing executed after
n EEQIfPﬁ}-i ol B¥s cREEWONR" 1% BElested ér the Iséeb Hetndvtha
connection W th a practical exanple. For
Proceamine shifts {q the ster dsthile thaarriablesspgend Gondiniain
5 after the application

f
*h*%f’ﬁtf{% @%q%ggaﬂ&é(?ﬁt pﬁt Sﬁ: %&hﬁeﬁlme( gf e pmerpesay stop.
h is .int ted by th
crori B2 B08 hBGellbing el LHBie g eHBevaiabipe Sx

ene

I HRSTNES SR RAR Y ¢ R thesrbetrana

I nf'ormati on
' h i s f ibly in d
chdifad REergeneystobl IneIRtld Bl p g of ™ ©

codrenexRs, (e &/arXabyes: @ ﬁg;? OYn SHREE oirHs,tﬂngﬁ nozgle is

vari abl e storage unit are reset and are

mogfgractgaﬂlhgﬁ%?@éi@t@s%&ré@p&ncﬁnbmﬂﬁ%éhXGFB%fé)&jchHPto the
well (6,5) on the right side,

[0033] After the movement of the nozzle, the liquid material is supplied
to the well (6,6) (step 6). The subsequent work is performed in the

same manner as that when the emergence stop is not caused. Thus,



[0032] Wien the work is resumed, the programis o
started fromthe first instruction. In this case, "No

is selected in the step 1 and the processing shifts to
the step 3 while the variablesl® and Cy maintain the
values Cx = 6 and Cy = 4 taken at the time of the

ener gency stop. The nozzle is noved in the step
3. Here, since the variables Cx and Cy take the sane
theapieeeming of thadiays 3-8 iasepbatal befthaetHakggidanagerial is

erergency stop), the nozzle is noved to a position of
aéBB@@%ﬁﬁ' @qwgls. 6 x Xp, YO+ 4 x Yp). In other

words, the nozzle is noved to the coordinates

cor r é5paREFHBEY @bowe. Rven whes)thadjrageam isoestetaufiom the

i ght side. [0033] After the novenent of
b%&%‘?‘?‘fb‘ggﬁoté,%e i E &Eh&eﬁ%ﬁaﬁng of é@@lW@@%cy%&hep bdutton,
I 6 tep 6). The subsequent work is perforne
Wi brd i hetRhRRe Ase St D Phin<incaeiog watpnher
Th 8 th rocessj ng of the steps 3-
reiggh&e%:%%g%usseou}sdng?&ﬁ?eo’lefr%u}’%l”%ieér@rzﬂ held by, e wariable
stBldad Reiel I's. As described above, even when
tLeg proér’am is restarted fromthe beginning, for

(0B AN ISRAR Ve S Teb At e e TRl AR S5 sting e the
wéll @eeHidHarOkkt ng'ﬂs r&ﬁﬁﬁ&ﬁmeﬁ@?ﬁg%ﬁﬂ%g %koﬁ%@_ RfnLhe

vari abl es are held by the variab orage~u

vl R34 st _@uhh%ré%dtQ%lﬁéd rtSHﬁ@%d@SeE?ﬁ?%@{u%%@e, and

corresponding to the well position are se

vaeihediatorts, cdmeevest abtas vatiabas | NShhfe M%dl"r@l%segf the latter
storage unit are not limted to the above-descri be

cassayye, braefly dascobedfmgbars can be set as the

vari abl es. Sonme exanples of the latter case are
[0®35kef Ap s exabadebtieoimstructions of the program may be each
numbered in sequence, and a variable may be set to represent the
number. By using both the variables representing the values
corresponding to the well position and the variable representing the
number assigned to each instruction of the program in a combined
manner in the above-described embodiment, it is possible to know
information regarding, for example, whether the application of the liquid
material has been completed, and whether update of the variable(s) has
been completed. Accordingly, when the program is executed again from
the beginning, work can be resumed in a state closer to that taken at the
time of interruption of the work.

As another example, when the same work is performed on a

plurality of workpieces, the variable may be set corresponding to the
number of workpieces for which the work has been completed. In such

a case, by executing a program designed to bring the work to an end



[0035] As one exanple, the instructions of the program
may be each nunbered in sequence, and a vari able may
be set to represent the nunmber. By using both the
vari abl es representing the val &8s corresponding to the
wel | position and the variable representing the nunber
assigned to each instruction of the programin a
conbi ned manner in the above-descri bed enbodi ment, it
wiherplies dbsiced mukmosy dhfvarkpieices is egacledgihef ﬁ{;mber of
exanpl e, whether the application of the Ilqw
wiskRicices fhawHiek the ovgikeb@s beanccarhplehed soptaterobe ti6red
varlabless) has been conpl eted. Accordingly, when the
eb@’&w%ﬁ' ke wseaslsLis entedtsn teds r dmrtiar, begipnes aigt invenkionas not
resumed in a state closer to that taken at the tinme
'”@ftedrﬁoefr*%%@%ﬁ e emengence stop in urgascanotviene specifically,
ng g the same work is perforned on a
Wgﬁn 1§ P?Skﬁ? wWBrikph efidbie ppwe stpalied tedheeordetobot and to
r éyresponu§86%§/tEe nunBer of workpi eces for which
NASY K t %rP;HfB @BOfoEB@@‘@ﬁ feagdrichyhe work has
ram desi gned to i,n he work to an
&G S8 b R Gt RudlS i imten bR i o By Fererring
reac of rkpi.ecges for ich the r
to B2PEhoe] S URBH e pAPEEBREHE o uifeclen in wkrianie up
toWRIEK eﬁﬁef OI.g;rrupted Further, the present invention is
not |n1te to the case of the emergence stop in
[0 n S el turn
GBS? G4 -additisn ﬂa%ciléhgﬁ n‘i‘ﬁ% %tkécgﬂ(r)%%fc?ﬁé]@ﬁqg t?'gsuwg'ber

t he power supplie he wor

ofwmlgsrmm idAvthetitfiig f
wor k has b%en goﬁgne?ggﬁggﬁ}E%p%%§??ﬁﬁ%ﬁ&g$d?%%%?édn§%

settieg nexch slaniy as eheVdrighik Owhee ﬂﬁ'éﬂr‘%%b%fr o\f@fn'féé ©F¢he
whi ch has been counted as the variabl e up

digefsrgeday.ache80B 64| Uaniratich i n%mhattﬂh% N@\E:Uarhbﬁer‘i‘élrlﬂkiﬁe

set corresponding to the nunber of tines at whic

syringei lasmay e oud) it e obsdrie dbsnltengitasy have tBY wolkih@d
such a value as the variable, when the nunber of tines
mQﬁﬂ% fre toie ocigin ged toeaetifysthe watker dfitiecad cesityhet t he
quid material in the syringe has run out, it is
f%&?@ﬁ*ﬁﬂ@ the lsitié magiectalIby issving he alerki ngn memhsa tcase,
the origjn and tg notify the worker of the necessity
evgf w%n3h¢mrﬁgsvﬁaerwa{ﬂddbm@ramrg@mympn@omxamme

case, even when the work is

'”WHT‘@FPW@@@" @W% ogner Rt ihestiopd meteriniaigmaining in the
i. ' f the | d I
SY¢@§§F%$%BQFH§$%’ g _gHﬁgfgggugé ﬁelg gonl?ﬁhougﬁ;erla
T B LT o R PR BBl Bkl
emBROERM. 0fe & ?tn‘{\é)tré(n %?%@\Zelt%g?&? It]}g?ng\z%ergf(fw% is

coor di nat e val ues absolu

deén@ﬁw@'ﬁ@rﬂ‘%% rﬁfnatb @alue&'{%ﬁgpllﬂal 00 géfé%@%)o%onga reference

vari abl es. € reason 1 s

poﬂ@sﬁénahéQﬂgﬁﬁ H?%#ﬁﬁﬁ&r%%v%ﬂ%bﬁﬁ%g'fﬁ@?%a%@ﬁ&?éﬁgtbe

desi gnat ed by using an unt o venen

altipesilh ithe destioagohher MBVERRH 10 \98534 s it 8lsd Be

novenent (i.e., relative coordinate
de&gnakxibyusMgzﬂ1amountofmovementﬁow:apo&nonbeﬁwethe

movement to a position after the movement (i.e., relative coordinates),



20 the position after the novenent can be nore

accurately designated by using the absol ute

coor di nat es. In the work robot, when the

wor ki ng means is noved, an uncéhtrollable mnute

error, e.g., out-of-synchronismof a driving nmeans or

an error of novenent resolution, occurs inevitably,

thus resulting in a mnute deviation between the
thfeppedi@npaliet thon mandrhaet pasiktd oorée @oshirately deswrdeo by

neans has been actually noved. Accordingly, if the
ugiast heagperiuts copedinaiesrent is desi gnated by using the

rel ative coordinates, there is a possibility that such

a mi niittBe yevilaialed, whgnothesworgpareaneds asovead, mycone

a | arglz%g]evi ation. Particularly, in a robot
UINE QN AP IRl TH e )i ak 1861y ineikpeieh reaisivafy drivigsmeans
0 Imeans a positiqn sensor,

t hat has e.g..,,. to o
OloBf Sl OERAT Y SSR Ui RCHTS 1O RNaAY, HHes esulting in a
miR A foh HatBieb AR 48060 sondismy nAdherReYitien to which
thB 1180 THERRs MaRRe OF dcd Gl RRVEL  ASEEHRTT i the" @
dRUTIRIAPLY indMdldifibnt It bOGTRIETBY AR RE rEIIMET |
CIFURABSCURAS s £ BoLTARY Aol R KNG IREIRBATETHL oo

addien@ated L8033 MR 4 esd A@yiblignwor k, the work can

al so be resuned after calibrating the work robot, for
exanpheticulyriyemarrabot Y roeldednivig 4 REawwek hekpbntRe
the reference position, e.g., the origin.

meeingi melas| that hastie neyens, Of. tHeoeNRINEaRYoStERbiEO ely
work robot is stopped with top priority for the sake

medsigiEf et yanodunhef maneeneniThed ¢b @oenp@idute foprPeSEatidn of
etc. may conme into the disordered state. For that

the sagwemennt, a signi§tentibffect oandsuoktdihed wyr moafrigthe
calibrating the work robot so as to elimnate the

WQIEHY meansmbasedhes e ahsokiecgendinasempvith 2 particular
En‘oodi:)nent 2 [0039] A work robot of this Enmbodi nent 2

PORYIOPEHY 8 reévIshcect iMArepheiearblyo anhertror in Embotveement

ot BB O At St
refey P oRiar, e B GHaiag Bréas hesdmmayerbior the
wol RPN Bt loci e Sk, Pt o a i s conauned for
(0GRS, Yuitert Rl el Ble bR TeRHB IR (ER ynediatter
i s ey et
o YABABLLERITR 901 40! WRRTE Y o
of thd bnRirgeBEP\StEe diHy werk 3880 ﬁ%ﬁﬁéﬂg\ﬁahgépmﬁifg&the

the nunber of times of applicatio

sales oY safetyl efsthieegarkimg Tiher eI RIthOf cHRIJINRRE Set M 5y
specifically, O is the variable corresponding to the

comenbés thd disoreerad sthfech F@ﬁtHdtqghgoﬁ?ﬂttQ%gﬁbfé}%Iepﬁ?n
applied to the application point A and is the

resyamé Albe evartrafespomid nagingot Hehw onki ndlest ©F alsi taRs!irain MBitEE
the liquid material has been applied to the

possible E‘gkuie@ﬁvel ofbheBemesgescy séopar i abl e correspondi ng
to the nunber of workpieces for which the work has
been conpleted, and C4 is the variabl e corresponding
to the nunber of workpieces for which the work is to

be perf orned.



[0040] Fig. 6 shows one exanple of processing of a
programin this Enbodi nent 2, the program bei ng
prepared on the user side. First, it is

det ermi ned whether work to be Pérforned is new or a
continuation of the preceding interrupted work (step
1). In the case of new work, values of the variabl es
A, C, C3 and ¢4 are all reset to 0 22 (step 2).
Subsequent |y, the nunmber of workpieces for which the
work is to be performed is input as the value of C4
Epghedin®nt 3 n this enbodiment, 20 is put in C4 on the
assunption that the application work is to be
[ or fremo i i v ks Eeﬁ@dimt\ﬁahaalﬂ kasis amtstruction
t hrough an . .input neans (not shown). Thereafter, the
Skﬂ&fﬁ@{p“i thetiin Brahadiment 6. t he aRoaRoliceilan ¢ayicesmepntdd to the

Then, the.nozzle i s noved relative to the workpiece
wpLk é%b%%f Q%%ﬁﬂ"%é%e'%zMi’%ﬁsﬁh@%ﬂtﬂfeﬁq sctaf eobiquid
ved, correspond to the coordi nates of the application
m%ﬁ?ﬂ?’ b gHrlise ISrEaER S iHie dYInged Tven athe liquid material

s/ drurhe BRab g S tdreid eiealef i prete pligaiiprspoint A
ol el 285 ot U RS E oL stod Brih BH SphTing thediquid
mate daP@i 4 gﬁwigﬁfigﬁ_@%{ﬁ%rﬁ%@dby transmitting a signal

fromthe c uni esktop robot to the
di s ' [ j : '
i sponcey AtEEeLER R B BosTH 08 LB BHRLEHL 2 R s

shRywn MYEi§ 05, & ibiRpRcd [ 18) ﬁwhﬁ:ﬁwﬂh*eh@@ggnht’é}?m iéta{ppol;ed

that tinme, the liquid material 1Is ap I'n anoun

twicecl.e The thalappliebtivhep /At badh@ 1k apIicaaBANME. t Orhe

the nunber of times at which the liquid material has
valsizdrie aspdieeldint thet harialplel $toakgemnoa et pAviged BNC1 and C2
incremented by one (step 7). [0041] Subsequently,
aswherialele sane gandimgt thef nuimb driafutirde st eipipdicatiensi Bhadhy ©3
the syringe approaches zero is determ ned based on a
angalCéudavhoablas mgad(rg the bumiet of RodGiebys. r efisrei ng
to the nunber of tines of the discharges (step 8).
spggEtcalive A tsuihe vatiabieatoirespoptingdtat et hermdyepl aidahesmt
r{Joi % A %gé:e, A is mutiplied by 1 because 1 cc of
whigh the diguid materiehhassberr eraligddo theerpnlieatiangpiint A, and
terial .is applied to the application |ine B once, C2
T i VarinPleattiyespaadingto Bleeumber il imagiad which the
liquid material has been applied to the application line B. C3 is the
variable corresponding to the number of workpieces for which the work
has been completed, and C4 is the variable corresponding to the number
of workpieces for which the work is to be performed.
[0040] Fig. 6 shows one example of processing of a program in this
Embodiment 2, the program being prepared on the user side.
First, it is determined whether work to be performed is new or a
continuation of the preceding interrupted work (step 1). In the case of

new work, values of the variables C1, C2, C3 and C4 are all reset to 0



23 material is discharged. The anmount of the liquid
material filled in the syringe is 50 cc. Thus, the
above-nmentioned formula is pregared to determ ne the
necessity of replenishing the ¥ quid naterial when 45
cc of the liquid material has been discharged, taking
into account a margin. [0042] If the determ nation
result in the step 8 is "Yes", the liquid material is
(steplBni shebgpteadiyl the Mihebéi afivdripleeesdbr @@nchehe work is
repl eni shed either automatically or manually by
tq beweaitprarediiaimutsas ¢he vaplent €4 (iep®. | ilauthis embodiment,
mat eri al , because the anmount of the liquid materi al
2819 pdd It F4 ae thgrasrgamption dhat thedapplicttice waghiin to be
respective _val ues of the variables regarding the
P%ﬁeﬁﬂﬁd&ﬂ eHaverkpizeesmt Ehe alariabieimsatthnoughean input
representing the nunmber of tines of

[ i.e., C
MERDSANCL RhPGY. « JUisTRA NG HspT/PUEYe o 1pGrardedhoatel Ios work
taﬁai%?)sfqti ng the nunber of times of the discharges
: a'YHe pplication line B, are each reset to O.
If t ' ' t inth t ' " No"
o el U FoRld Bomsraiie ot Wi s ibrie i o &)
' . it ¢ i ch th .
CoIFLAIRI R e ARIM lilibs SRR TeSeaPoad orge
' L i terial t |jcati . B
cRIPLRIES I Tfe LI Bor i Al DB Rk L Ivee

vaieset erm ned fixed val ues. Thereafter, the
liquid maiterial is applied to the application line B

on t AftenaikPiogsfe hakaredidmovEet AR Hé?i?%(?ﬁgeo%,fi%@li‘,ethe liquid

liquid material to the workpiece I's per
malieszhads appletietdp Gy d HEkaT itAk ik tnifeidI9%2hE sgPi%ge is
‘the workpiece are relatively noved by the work robot;
disthargieddrématinet hezplesatd Waﬁplié\@iiﬁ!ﬂhé herrQAZ BolSnto the
been noved in the step 9. The liquid material is
watkpistogr e transmittang re siginad frans tignabntiod nithef tengestiop
unit of the desktop robot to the dispenser via the
rokehtruiicdispenseaiiz thadovanshivgtiomecabh lspens ea using the
.supply air under a preset pressure to the 24 syringe
disRsinsgT ip Sseply iaeUnHE b aghreskb paess Urelte. thans yaimgmtorod

the lLiqujd terial corresponding to 2 cc is
Pr%ff%fcfﬁagébaol@? the@inphe.cabt thatttgnehéweabpuictmateriai isne
apg’fied in amount of 1 cc. The value of the variable C1 corresponding
to the number of times at which the liquid material has been applied to
the application point A is then incremented by one (step 7).
[0041] Subsequently, whether an amount of the liquid material
remaining in the syringe approaches zero is determined based on a
calculation formula (C1 x 1 + C2 x 2 = 45) by referring to the number of
times of the discharges (step 8). When the liquid material is applied to
the application point A once, C1 is multiplied by 1 because 1 cc of the

liquid material is discharged. When the liquid material is applied to the

application line B once, C2 is multiplied by 2 because 2 cc of the tiquid



Then, the value of the variable C2 corresponding to
the nunber of times at which the liquid material h?Sd
been applied to the applicatiop Iine Bis incremente
by onep?step 11), and it is det2rnined again whether
the liquid material needs to be replenished (step 12).
[0043] If the determ nation result in the step 12 is
"Yes", the liquid nmaterial is replenished (step 18)
maigriehis dislchesged. t lbevambabt of i@ liquit GRtarial 8868 in the
reset to 0 (ste 192 simlarly to the steps 16 and 17,
syrdRgeds SPets, Thus, the abeve-raen o medoironla ssprlepairad to
the step 12 is "No" or if the step 19 is conpleted,
d?ﬂ%%?Qhﬁé@éa%'tumfd@@&nI@bv@pthmbqufd materighehentdiece of
val.ue. of the vari %bl e 3 being equal to the number of
”\ﬁo{’ﬂwlde'@@ gl N @ﬁ“t%écb@ﬁg@%égktﬁ@ewt@mﬁenéd margin.
| nt ed one (step 14), and whether the
(AR T ST rRBR o s doeestebat o cvers thertsaid o
i.ec or i.ch the, wo is tQ be perfornmed is
mgg%'(i?lrﬁgn%@%nysg\égéﬁ erPg“?hetiE? 'WQ%?%'%$W$ eaches
If the.determ nation

reptentfiot eifter Seh 4R AY arvmanuality (85HES eRedlotne. Atter
el A Bl i AT LB\ AEb RGP oE KB B | <

e tardget nunpoer,

. . . ' i | t
e S, PURTSviinge is rpbimEdRCE) BRAAh) BhdeEiNs

veoné s of ke W e i 89k 89 41ling t19& oG GH 0¥ 8RP|i4 Gl hQFe R4
rkprece (step 4).

the liquid nmaterial " to another new wo .
refridiAly Duttiengytihge 2P, iICREE B2 WP i gPBIES ﬁ’tﬁﬁ’l@%r%ﬁ?ﬁ’ﬁgé B9 the

to the above-described processing of Fig. 6, the
disciargesabutdd tharamiliczsiod poid? A §8d C2 representing the
number of times of the discharges toward the application line B, are each
reset to 0.

If the determination result in the step 9 is "No" or if the step 17 is
completed, the nozzle is moved to the coordinates of a position from
which the discharge toward the application line B is to be started, for
applying the liquid material to the application line B (step 9). The
coordinates of such a position have predetermined fixed values.

Thereafter, the liquid material is applied to the application line B
on the workpiece (step 10). The application of the liquid material to the
workpiece is performed by discharging the liquid material while the
nozzle and the workpiece are relatively moved by the work robot, starting
from the position to which the nozzle has been moved in the step 9.

The liquid material is discharged by transmitting a signal from the control

unit of the desktop robot to the dispenser via the communication cable

and causing the dispenser to supply air under a preset pressure to the



25 and C4 are successively stored in the variable
storage unit fromnonent to nonent. As a result, the
val ues of the variables imediately before the f or ced
end (e.g., upon pressing of thé4emergency stop button,
in the event of a power failure, or upon the
occurrence of an error in the work robot) can be held
remai ned. Furt her, when resum ng the work, the

syonge cfanabnesealtmﬁﬁiti’ﬁlfdnl@htih@ siangbs!t alhg ﬂmohh@bf%eth'a%rd
time of the forced end, by referring to the held
mgdeliakcofreshending tbPex: is di80uatgeAf farthichep slRsuit iothe

of the work, "No" is selected in the step 1 of
al@l@k"éﬁtiﬁmi'ﬁg Bvhet her the work to be perforned is new,

and the processing is shifted to the step 4 with the

val udd'ést. threvalueicighewatiableL2 cerrgsgoading tmting ngmber of
.t he ore, even when the programis
t‘méétaér%@hf'&@ﬂ“ﬂwé’ Hageal *h@s Qﬁﬁéramﬂ@d‘ tr edapplicatiowe line
values of the variaples C3 and C4 stored in

BisNgemened kY ongg t%.ﬁ) afBd lielst d@ﬂ@f?‘é'&% aﬂﬂm Mdﬁaé!;er
WOr
il rhbffdl i OB SRR bned Gich 1l l“Q? tggt.gﬁ
e
(083l o U S8 SO =tish WA B tnelteb °Fhts bids daciibye
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regp@@t,@eilyncl ude a robot that is m)vabl e only in one
dinmension, i.e., just in the X-direction, and a scal ar

r obolf thbaiet6$mrﬁéftﬁ§h abang wﬁtf?élét/eqmb';EeNo["QQ“i?lhé“é?erP 19 is

present invention can provide an optinum effec
contyslevex ktheolotkpiece dghimesid & t(@te@ figyice for

di scharging or applying a liquid

Then, the value of the variable C3 being equal to the number of
workpieces for which the work has been completed is incremented by
one (step 14), and whether the incremented number of workpieces
reaches the number of workpieces for which the work is to be performed
is determined by checking whether the value of C3 reaches the value of
C4 (step 15).

If the determination result in the step 15 is "Yes", this means that
the liquid material has been applied to the workpieces in the target
number, i.e., 20. Accordingly, the work is brought to an end.

If the determination result in the step 15 is "No", the next
workpiece is loaded onto the work table (3), followed by application of
the liquid material to another new workpiece (step 4).

[0044] During the application work performed according to the above-

described processing of Fig. 8, the values of the variables C1,C2,C3



26 froma nozzle or the |like. However, the present
invention is not limted to such usage, and the work
robot may be conbi ned wth, e.g., a screw ng device or
means for picking up a part and®mounting it to a

wor kpi ece. 27 CLAIMS  [1] A work robot conprising a

hol ding unit for holding a known work devi ce,

relatively noving neans for relatively noving a

andr kpiase s Lanoe st he I statieniginuthiet v a rdab lergtor 86¢ @it from moment
processing unit, a storage unit, and a variable
tamraget.unhs a teriltudhi vedbes opéné vamiatdes iharadidtemibefore
by_relatively noving the holding unit and the .
th:%?%ﬁ?@&-ﬁd (€ Seccpeamessingrofdher emeagenag starcbution, in the
wher ej n when ercution of the intended work is in
ChridgPed L oWee

Phusgr ahtBABdBSAGMINeRtR PN ingthe work

tate info ion in the variable storage unit, and
r%@icﬁﬂ&@pf]ggié%m?m rced to end ijn thE m ddl ebof t he

[ h I nt rk is to be

esutathen 57D i s e el o FeBdoF e o

i [ 1 nf ti din e
otk Gal 58 4H8 B T4 it RS ReiEhedt Rl obireledBondoripe
hd18 wiab ok th Mgl fiflef he variable storage unit includes

a power source 1 ndependent of a power source for

[094BR! AMS: FICRLIripRONF he Wl YRIK € AR ared iRk oT0S 4

WOr robot accor gto claim

ofSdSXeABiHG Whethet theWrbiiel] Be MU aLd e nBRIARY the,

[4] The work robot according to any one o

prasds8ingwiestaftadt tbetheasepd Qvif 98 EY Ef iR FaffBARYYC1, C2,
having a shorter read/wite tine than the storage
Cliaintd. C4 remaining the same. Therefore, even when the program is
restarted from the beginning after the forced end, the values of the
variables C1, C2, C3 and C4 stored in the variable storage unit are kept
the same as those at the time of the forced end, thus allowing the work

to be resumed from the same state as that at the time of the forced end.

Industrial Applicability

[0046] The present invention can be applied to not only desktop
orthogonal-type work robot equipped with a combination of the XYZ-
moving means, but also to any types of work robots so long as a
workpiece and a working means are relatively moved therein. For
example, those work robots include a robot that is movable only in one
dimension, i.e., just in the X-direction, and a scalar robot that is moved
along a curved line.

[0047] The present invention can provide an optimum effect when the

work robot is combined with a device for discharging or applying a liquid



[5] The work robot according to any one of clainms 1 to
4, wherein the variable storage unit stores, as the
wor ki ng state information, a work number assigned for
each of steps of the intended #ork. [6] The work
robot according to any one of clains 1 to 5, wherein
the variable storage unit stores, as the working state
i nformati on, absolute 28 position information of the
frao @i mezaieiar thetitker esipeweveo, ther pfeayeendeveason iAot limited
[7] The work robot according to any one of clains 1 to
tass Ul usReE, eowpthiesvark sebenmieyene poertdnsdiviith é.qgt, a
forcibly bringing the work perfornmed by the known work
Sy&y'ee cil%nge, ceqgeans fpigpickiey work pasbatd acconithadf tooa
any .one of clainms 1 to 7, wherein the known work
WBE&W@EGis a di scharge device or an application device.
[9] The work robot according to claim8, wherein the
vari abl e storage unit stores, as the working state
i nformati on, the nunber of tines of discharges or
applications which have been perforned so far.
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CLAIMS

1. A work robot (1) comprising a holding unit (9) configured to hold a work device (10, 11), a
relatively moving mechanism (2, 3, 6, 7, 8) configured to relatively move a workpiece (4) and the
holding unit, an information processing unit, a storage unit, an auxiliary storage unit and a variable
storage unit, the work robot (1) performing intended work by relatively moving the holding unit (9)

and the workpiece (4) in accordance with a program, characterized in that

the program is a rewritable program prepared on the user side and is stored in the auxiliary

storage unit, wherein,

when the execution of the intended work is in progress, the information processing unit
executing the program is configured to successively store only the values of designated variables as
working state information in the variable storage unit in real time, wherein the designated variables
are parameters which are selected from a plurality of parameters related to the work performed by
the work robot (1) and which are the least necessary ones for continuously resuming a preceding
work of the work robot (1), and when the program is forced to end during the intended work and
then the intended work is to be resumed, the information processing unit executing the program is
configured to resume the work in accordance with the working state information stored in the

variable storage unit.

2. The work robot (1) according to claim 1, wherein the workpiece (4) is comprised of a
plurality of workpieces on which the same work is performed, the variables include a variable
corresponding to the number of workpieces for which the work has been completed, the fixed

values include values of intervals between work positions on the workpiece.

3. The work robot (1) according to claim 1 or 2, wherein the variable storage unit includes a

power source independent of a power source for supplying electric power to the work robot (1).

4. The work robot (1) according to claim 1 or 2, wherein the variable storage unit is a

rewritable nonvolatile memory.
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5. The work robot (1) according to anyone of claims 1 to 4, wherein the variable storage unit

is a memory having a shorter read/write time than the storage unit and the auxiliary storage unit.

6. The work robot (1) according to anyone of claims 1 to 5, wherein the variable storage unit
is configured to store, as the working state information, a work number assigned for each of steps of

the intended work.

7. The work robot (1) according to anyone of claims 1 to 6, wherein the variable storage unit
is configured to store, as the working state information, absolute position information of the holding

unit (9) with respect to a reference position.

8. The work robot (1) according to claim 7, wherein the information processing unit

executing the program is further configured to:

judge whether a work to be performed is new or a continuation of a preceding interrupted
work, and the work can be resumed after returning the work robot (1) to the reference position in

the case where the work is the continuation of the preceding interrupted work.

9. The work robot (1) according to anyone of claims 1 to 8, further comprising an emergency
end switch (16) configured to forcibly bring the work performed by the work device (10, 11) to an

end.

10. The work robot (1) according to anyone of claims 1 to 9, wherein the work device (10,

11) is a discharge device or an application device.

11. The work robot (1) according to claim 10, wherein the variable storage unit is configured
to store, as the working state information, the number of times of discharges or applications which

have been performed so far.
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12. The work robot (1) according to claim 10, wherein the work device (10, 11) further
comprises a plunger, and the variable storage unit is configured to store, as the working state

information, a state of movement of the plunger.





