
1 DESCRIPTION WORK ROBOT HAVING EXCELLENT WORK
RESUMPTION Technical Field  [0001] The present
invention relates to a work robot capable of moving a
known work device relative to a workpiece and
executing intended work on the workpiece, and more
particularly to a work robot that is excellent in work
resumption.        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 liquid 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 example, Patent Document 1 describes a
desktop work robot for, e.g., screwing, in which a
program is incorporated to be automatically executed.
Patent Document 1: Japanese Patent Laid-Open No.
H06-312389 Disclosure of the Invention Problems to be
Solved by the Invention [0004] A work robot often
undergoes interruption of work in a state where the
work is not normally brought to an end in accordance
with a program. Such an interruption occurs, for
example, in the case where a worker determines an
emergent condition and stops an emergency stop 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  3  work has to be restarted on a new workpiece.
Accordingly, the workpiece and the liquid material
having been used in the interrupted work are wasted.
When the workpiece and the liquid material are
expensive, solving the problem of such waste is keenly
demanded.         From the viewpoint of working time,
it is also wasteful to restart the work on a new
workpiece. [0007] Further, if the program is forced to
be interrupted because of, e.g., an emergency stop,
the program needs to be stopped at once without
waiting for that the work reaches a proper
interruption point. When resuming the work, therefore,
the program has to be executed again from the first
instruction after performing calibration such as
returning the work robot to the origin.        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
holding unit, an  4  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, the program successively
stores working state information in the variable
storage unit, and when the program is forced to end in
the middle of the intended work and then the intended
work is to be resumed, the program resumes the work in
accordance with the working state information stored
in the variable storage unit.         According to a
second aspect of the present invention, in the first
aspect of the present invention, the variable storage
unit includes a power source independent of a power
source for supplying electric power to the work robot.
According to a third aspect of the present invention,
in the first aspect of the present 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 a 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.  5        According to a seventh
aspect of the present invention, in any one of the
first to sixth aspects of the present invention, the
work robot further comprises an emergency end switch
for forcibly bringing the work performed by the known
work device to an end.        According to an eighth
aspect of the present invention, in any one of the
first to seventh aspects of the present invention, the
known work device is a discharge device or an
application device.        According to a ninth aspect
of the present invention, in the eighth aspect of the
present invention, the variable storage unit stores,
as the working state information, the number of times
of discharges or applications which have been
performed so far. 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, etc. 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.  6 [Fig. 2] is a control block diagram of
the work robot. [Fig. 3] is a plan view of the
microplate. [Fig. 4] is 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  7 



16 emergency stop switch 17 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 workpiece 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 



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 usable 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. [0016] 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 also stored, in  9 addition to relative positions
of a workpiece and a nozzle, as the working state
information. By storing those data, even when a forced
end instruction is issued in the middle of the
movement of the plunger, the movement of the plunger
can be resumed from such an intermediate position as
taken at the time of the interruption.        When
predetermined work is repeatedly performed, a value
corresponding to the number of times of repetitions
may be held. In work to fabricate plural workpieces, a
value corresponding to the number 



of fabricated workpieces may be held.         When
fine accuracy is not required in the intended work, an
amount of data to be stored can be reduced by storing
the position information of the workpiece and the work
device in the form of relative information. [0017]
Details of the present invention will be described
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.  



10        Two posts (5) are installed near a rear end
of the base on both sides thereof, and an X-direction
moving means (6) is horizontally supported by the two
posts above the base. A head (8) provided with a
Z-direction moving means (7) is mounted to the
X-direction moving means (6) to be movable in the
X-direction. A syringe holder (9) is mounted to the
Z-direction moving means (7) to be movable in the
Z-direction.        A syringe (10) storing the liquid
material therein is mounted to the syringe holder (9),
and a nozzle (11) for discharging the liquid material
is mounted to a lower end of the syringe (10) to be
communicated with the interior of the syringe.  [0019]
With the above-described construction, the nozzle
(11), i.e., a working means, can be freely moved in
three-dimensional directions with respect to the
microplate (4), i.e., the workpiece (work target),
which is placed on the work table.        An air tube
(12) is attached at one end thereof to an upper end of
the syringe (10) and is connected at the other end
thereof to a dispenser (13). The dispenser (13) is
capable of supplying air under a desired pressure to
the air tube (12) for a desired time.        The
dispenser (13) and the work robot (1) are
interconnected by a 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.  11 



[0020] Fig. 2 is a control block diagram of the work
robot.         Looking from the viewpoint of function,
a main body control unit comprises a CPU for executing
arithmetic and logical processing, and memories,
including a RAM, a ROM and an auxiliary storage unit,
which are connected to the CPU and have different
functions.        The ROM is a readable, but
unwritable memory and stores basic control
instructions and information of the work robot, which
are previously installed at the delivery of the work
robot.         The RAM is a memory allowing data to be
read and written 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 X-direction moving means (6), the Y-direction
moving means (2), the Z-direction moving means (7),
and the dispenser (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  12 



source, e.g., a battery, which is separate from the
main power source for the control unit, or by a
nonvolatile memory such as a hard disk or a flash
memory. Since data is written into the variable
storage unit in real time during the execution of the
program, the variable storage unit preferably has a
higher write speed than the auxiliary storage unit. A
nonvolatile RAM or a like memory has a higher write
speed. Thus, it is particularly preferable that such a
volatile memory is employed and connected a battery so
as to prevent the written data from being erased.
[0022] As a component in practical use, the variable
storage unit may be a separate single unit or may
share some parts constituting the auxiliary storage
unit. However, since the values of the variables are
changed from moment to moment, the variable storage
unit is preferably constituted so as not to reduce a
read/write speed even when it shares some parts with
the auxiliary storage 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  13  including
arithmetic and logical operations, as required.
Further, the CPU sends work instruction signals to the
X- to Z-direction moving means and the dispenser, and
also sends signals representing the information to be
stored in the RAM and the auxiliary storage unit which
are writable memories in the storage unit.  [0023]
Fig. 3 is a plan view of the microplate. The
microplate (4) has wells which are in the form of
recesses capable of storing the liquid material
therein and which are arrayed in a grid pattern at
certain intervals in the XY-directions. In this
embodiment, eight wells are arranged in the
X-direction and twelve wells are arranged in the
'1-direction.         In this embodiment, the liquid
material is successively supplied to a group of wells
arranged in the X-direction from the left toward the
right. After the supply of the liquid material to the
rightmost well in one well group is completed, the
liquid 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 '1-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 A in Fig. 3 is
expressed by a well (6,5).  19 [0024] Fig. 4 shows one
example of processing of a program, prepared on the
user side, which is executed by the desktop robot for
applying the liquid material to the microplate.
Cx and Cy are used as two variables stored in the
variable storage unit in this embodiment. Cx
corresponds to a position of the well in the
X-direction of the microplate, and Cy corresponds to a
position of the well in the Y-direction of the
microplate.        XO and YO represent respectively an
X-coordinate value and a Y-coordinate value of a well
(1,1) as viewed from a reference point (origin) of the
work robot.         Also, Xp and Yp represent
respectively values of intervals between the wells in
the X-direction and the '(-direction, and they are
fixed values not changed during the execution of the
program.        While the value of each variable is
incremented one by one in this embodiment, it may be
decremented one by one instead. Further, it is
needless to say that a value resulting from
calculation based on plural variables can also be used
as the variable. 



[0025] First, it is determined whether work to be
performed is new or a continuation of the preceding
interrupted work (step 1). This determination can be
made in accordance with an instruction by the worker
or can be automatically made in accordance with
information that has been stored in the storage means
and indicates the interruption of the work.        In
the case of new work (i.e., when the liquid material
is applied to the microplate from the beginning), the
variables Cx and Cy are reset such that 0 is put in
each of the variables Cx and Cy (step 2).  15  [0026]
Then, the nozzle is moved relative to the microplate
(step 3). Coordinates to which the nozzle is to be
moved are obtained based on a calculation formula of
(XO + Cx x Xp, YO + Cy x Yp). For example, at the
beginning of new work, the liquid material needs to be
applied to the well (1,1). At that time, because of Cx
= 0 and Cy = 0, the coordinates of the well (1,1) are
given by (X0,Y0) based on the above calculation
formula. [0027] After the nozzle has been moved to the
desired well, the liquid material is supplied to the
desired well (step 4). Herein, the liquid material in
the syringe is discharged from the nozzle and is
supplied to the well 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 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
application 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 liquid
material to the rightmost well, and the case of Cx = 8
means that the nozzle has completed the application of
the liquid 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 



16 (step 8). Because Cy represents the serial number
of each of the wells arranged in the Y-direction,
which is counted from the leftmost well, the case of
Cy < 12 means that the nozzle does not yet apply the
liquid material to the well (8,12) which is located at
a lowermost rightmost position, and the case of Cy =
12 means that the nozzle has completed the application
of the liquid material to the rightmost well (8,12).
Therefore, if the value of Cy is less than 12, the
operations of the steps 3 to 5 are repeated. If the
value of Cy is 12, this means that the application of
the liquid material to all the wells is completed.
Hence, the application work is brought to an end.
[0029] Thus, by moving the nozzle to the position
corresponding to the XY-coordinates of each well with
respect to the origin based on the variables Cx and Cy
as described above, instructions for moving the nozzle
to all the wells in the microplate can be provided
using only one movement instruction without preparing
movement instructions to designate the coordinates of
all the wells. [0030] While the series of instructions
used in the above-described flowchart are executed by
the control unit, shown in Fig. 2, within the work
robot, the values of the variables Cx and Cy are
stored in the variable storage unit as well in real
time. As a result, even when application work 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.  17        By referring to the stored
values of the variables, the work can be restarted as
the continuation of the preceding work when resumed,
even if the program is executed again from the
beginning. [0031] A flow of processing executed after
resumption of the work will be described below in
connection with a practical example.         For
example, it is here assumed that an emergent condition
occurs at the end of the step 5 after the application
of the liquid material to the well (6,5) has been
completed, and the work is interrupted by the
emergency stop. In such a case, although the variables
Cx and Cy take values Cx = 6 and Cy = 4, the
information loaded in the RAM within the control unit
is reset because the program is forcibly interrupted
upon the pressing of the emergency stop button.
However, the variables Cx and Cy stored in the
variable storage unit are not reset and are held at
the values Cx = 6 and Cy = 4 immediately before the
forced end. 



[0032] When the work is resumed, the program is
started from the first instruction. In this case, "No"
is selected in the step 1 and the processing shifts to
the step 3 while the variables Cx and Cy maintain the
values Cx = 6 and Cy = 4 taken at the time of the
emergency stop.        The nozzle is moved in the step
3. Here, since the variables Cx and Cy take the same
values Cx = 6 and Cy = 4 as those before the change
(emergency stop), the nozzle is moved to a position of
coordinates (XO + 6 x Xp, YO + 4 x Yp). In other
words, the nozzle is moved to the coordinates
corresponding to the well (6,6) adjacent to 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,  18 the processing of the steps 3-8
is repeated so that the liquid material is applied to
all the wells.        As described above, even when
the program is restarted from the beginning, for
example, upon the pressing of the emergency stop
button, work can be performed as a continuation of the
preceding work when resumed, because the values of the
variables are held by the variable storage unit.
[0034] While the variables representing the values
corresponding to the well position are set in this
embodiment, the variables stored in the variable
storage unit are not limited to the above-described
usage, and various factors can be set as the
variables. Some examples of the latter case are
briefly described below. 



[0035] As one example, the instructions 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  19  when the desired number of workpieces is
reached, the number of workpieces for which the work
has been completed so far can be stored even when the
work is interrupted. Further, the present invention is
not limited to the case of the emergence stop in
urgency. More specifically, when it is desired to turn
off the power supplied to the work robot and to resume
work next day, the number of workpieces for which the
work has been completed can be continuously counted in
the next day by referring to the number of workpieces
which has been counted as the variable up to the
yesterday.  [0036] In addition, the variable can be
set corresponding to the number of times at which the
liquid material has been discharged so far. By setting
such a value as the variable, when the number of times
of the discharges reaches a value indicating that the
liquid material in the syringe has run out, it is
possible to automatically move the working means to
the origin and to notify the worker of the necessity
of replenishing the liquid material by issuing an
alarm. In such a case, even when the work is
interrupted by the emergency stop, for example,
information regarding an amount of the liquid material
remaining in the syringe can be held continuously.
[0037] For designating the position of the work
device, in this embodiment, the destination of
movement of the work device is designated as
coordinate values (absolute coordinates) from a
reference point, i.e., the origin, by employing
variables. The reason is that, although the
destination of movement of the work robot can also be
designated by using an amount of movement from a
position before the movement to a position after the
movement (i.e., relative coordinates),  



20 the position after the movement can be more
accurately designated by using the absolute
coordinates.         In the work robot, when the
working means is moved, an uncontrollable minute
error, e.g., out-of-synchronism of a driving means or
an error of movement resolution, occurs inevitably,
thus resulting in a minute deviation between the
desired position and the position to which the working
means has been actually moved. Accordingly, if the
destination of the movement is designated by using the
relative coordinates, there is a possibility that such
a minute deviation may be so accumulated as to become
a large deviation.         Particularly, in a robot
provided with a relatively inexpensive moving means
that has no means, e.g., a position sensor, to
objectively measure an amount of movement and to
compensate for a deviation of the movement, a
significant effect can be obtained by moving the
working means based on the absolute coordinates with a
particular position being a reference. More
preferably, an error in the movement can be further
reduced by temporarily moving the working means to the
reference position whenever the working means has been
moved for the work, thus calibrating the position
thereof. [0038] When resuming the work, the work can
also be resumed after calibrating the work robot, for
example, by temporarily returning the work robot to
the reference position, e.g., the origin.
Particularly, in the event of the emergency stop, the
work robot is stopped with top priority for the sake
of safety of the worker. Therefore, other components,
etc. may come into the disordered state. For that
reason, it is preferable to resume the work after
calibrating the work robot so as to eliminate the
possible influence of the emergency stop.  21
Embodiment 2 [0039] A work robot of this Embodiment 2
has a basic construction similar to that in Embodiment
1. In an application device mounted to the work robot
of this Embodiment 2, it is assumed that 50 cc of a
liquid material to be applied is stored in the
syringe, 1 cc of the liquid material is consumed for
applying the liquid material to an application point A
once, and 2 cc of the liquid material is consumed for
applying the liquid material to an application line B
once.         The workpiece used as a work target in
this Embodiment 2 is, as shown in Fig. 5, a workpiece
(17) in which the liquid material is applied twice,
i.e., to the application point A and the application
line B. The variables stored in the variable storage
unit are provided by Cl and C2 as variables regarding
the number of times of applications, and by C3 and C4
as variables regarding the number of workpieces. More
specifically, Cl is the variable corresponding to the
number of times at which the liquid material has been
applied to the application point A, and C2 is the
variable corresponding to the number of times at 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
Cl, C2, C3 and C4 are all reset to 0  22 (step 2).
Subsequently, the number of workpieces for which the
work is to be performed is input as the value of C4
(step 3). In this embodiment, 20 is put in C4 on the
assumption that the application work is to be
performed on 20 workpieces. The variable is set
through an input means (not shown). Thereafter, the
workpiece is loaded onto the work table (3) (step 4).
Then, the nozzle is moved relative to the workpiece
(step 5). Coordinates to which the nozzle is to be
moved correspond to the coordinates of the application
point A and have predetermined fixed values.
After the nozzle has been moved to the desired
position, the liquid material is applied (step 6).
Herein, the liquid material in the syringe is
discharged from the nozzle and is applied in the form
of a point onto the workpiece 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
syringe for a preset time through the air tube. At
that time, the liquid material is applied in amount of
1 cc. The value of the variable Cl 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 (Cl 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, Cl 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 liquid 



23  material is discharged. The amount of the liquid
material filled in the syringe is 50 cc. Thus, the
above-mentioned formula is prepared to determine the
necessity of replenishing the liquid material when 45
cc of the liquid material has been discharged, taking
into account a margin. [0042] If the determination
result in the step 8 is "Yes", the liquid material is
replenished (step 17). The liquid material can be
replenished either automatically or manually by
issuing an alarm. After replenishing the liquid
material, because the amount of the liquid material
stored in the syringe is returned to 50 cc again,
respective values of the variables regarding the
amount of the liquid material remaining in the
syringe, i.e., C1 representing the number of times of
the discharges toward the application point A and 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  24 syringe
for a preset time through the air tube. An amount of
the liquid material corresponding to 2 cc is
discharged for the application to the application line
B. 



Then, the value of the variable C2 corresponding to
the number of times at which the liquid material has
been applied to the application line B is incremented
by one (step 11), and it is determined again whether
the liquid material needs to be replenished (step 12).
[0043] If the determination result in the step 12 is
"Yes", the liquid material is replenished (step 18)
and the values of the variables Cl and C2 are each
reset to 0 (step 19) similarly to the steps 16 and 17,
respectively.        If the determination result in
the step 12 is "No" or if the step 19 is completed,
the workpiece is unloaded (step 13).        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. 6, the
values of the variables Cl, 02, C3  



25 and C4 are successively stored in the variable
storage unit from moment to moment. As a result, the
values of the variables immediately before the forced
end (e.g., upon pressing of the emergency stop button,
in the event of a power failure, or upon the
occurrence of an error in the work robot) can be held
remained.        Further, when resuming the work, the
work can be started from the same state as that at the
time of the forced end, by referring to the held
values of the variables.  [0045] After the resumption
of the work, "No" is selected in the step 1 of
determining whether the work to be performed is new,
and the processing is shifted to the step 4 with the
values of the variables Cl, C2, C3 and C4 remaining
the same. Therefore, even when the program is
restarted from the beginning after the forced end, the
values of the variables Cl, 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 XYZmoving 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  



26 from a nozzle or the like. However, the present
invention is not limited to such usage, and the work
robot may be combined with, e.g., a screwing device or
means for picking up a part and mounting it to a
workpiece.  27 CLAIMS   [1] A work robot comprising a
holding unit for holding a known work device,
relatively moving means for relatively moving a
workpiece 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, the program successively stores working
state information in the variable storage unit, and
when the program is forced to end in the middle of the
intended work and then the intended work is to be
resumed, the program resumes the work in accordance
with the working state information stored in the
variable storage unit.    [2] The work robot according
to claim 1, wherein the variable storage unit includes
a power source independent of a power source for
supplying electric power to the work robot.    [3] The
work robot according to claim 1, wherein the variable
storage unit is a rewritable nonvolatile memory.
[4] The work robot according to any one of claims 1, 2
and 3, wherein the variable storage unit is a memory
having a shorter read/write time than the storage
unit. 



[5] The work robot according to any one of claims 1 to
4, wherein the variable storage unit stores, as the
working state information, a work number assigned for
each of steps of the intended work.    [6] The work
robot according to any one of claims 1 to 5, wherein
the variable storage unit stores, as the working state
information, absolute  28 position information of the
holding unit with respect to a reference position.
[7] The work robot according to any one of claims 1 to
6, further comprising an emergency end switch for
forcibly bringing the work performed by the known work
device to an end.    [8] The work robot according to
any one of claims 1 to 7, wherein the known work
device is a discharge device or an application device.
[9] The work robot according to claim 8, wherein the
variable storage unit stores, as the working state
information, the number of times of discharges or
applications which have been performed 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.




