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(57) ABSTRACT

An operation plan preparation and evaluation device includ-
ing a storage unit for storing master data related to equip-
ment and a component, transaction data related to the
equipment and the component generated when an operation
plan 1s prepared, and an initial parameter used when the
operation plan 1s prepared, and a control unit for preparing
the operation plan based on the master data, the transaction
data, and the initial parameter, in which the control unit
performs a factor setting process ol assigning a predeter-
mined set value as the imitial parameter, an operation plan
preparation process of preparing the operation plan based on
the mitial parameter serving as the set value, the master data,
and the transaction data, and an operation plan evaluation
process of evaluating a plurality of respective operation
plans prepared by repeatedly performing the operation plan
preparation process while varying the imitial parameter, and
deriving an optimum operation plan.
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OPERATION PLAN PREPARATION AND

EVALUATION DEVICE AND OPERATION

PLAN PREPARATION AND EVALUATION
METHOD

FIELD

[0001] The present invention relates to an operation plan
preparation and evaluation device and an operation plan
preparation and evaluation method for a component.

BACKGROUND

[0002] In a rotation plan (operation plan) for a high-
temperature component of a gas turbine, there has been a
known system and method for minimizing a residual life at
the time of discarding the high-temperature component (for
example, see Patent Literature 1). In the system and method,
a residual life of a high-temperature component 1s obtained,
and the obtained residual life 1s compared with a subse-
quently scheduled operation time of a gas turbine, thereby
preparing a rotation plan for the high-temperature compo-
nent.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 2002-195056

SUMMARY

Technical Problem

[0004] However, 1n the system and method described 1n
Patent Literature 1, since an operation plan for a component
1s prepared based on a residual life of a high-temperature
component, the prepared operation plan for the component
1s uniquely determined despite a possibility that another
optimum operation plan for the component may exist.

[0005] In this regard, an object of the ivention is to
provide an operation plan preparation and evaluation device
and an operation plan preparation and evaluation method
capable of preparing an optimum operation plan for a
component.

Solution to Problem

[0006] According to an aspect of the present invention, an
operation plan preparation and evaluation device for pre-
paring an operation plan for a component used 1n equipment
and evaluating the prepared operation plan, comprises: a
storage unit for storing master information related to the
equipment and the component, generated information
related to the equipment and the component generated when
the operation plan 1s prepared, and an imitial factor used
when the operation plan 1s prepared; and a control unit for
preparing the operation plan based on the master informa-
tion, the generated information, and the imitial factor. The
control unit performs a factor setting process of assigning a
predetermined set value as the mnitial factor, an operation
plan preparation process of preparing the operation plan
based on the 1nitial factor serving as the set value, the master
information, and the generated information, and an opera-
tion plan evaluation process of evaluating a plurality of
respective operation plans prepared by repeatedly perform-

Jan. 19, 2017

ing the operation plan preparation process while varying the
set value of the 1nitial factor in the factor setting process, and
deriving an optimum operation plan.

[0007] In addition, an operation plan preparation and
evaluation method of the invention 1s an operation plan
preparation and evaluation method of preparing an operation
plan for a component used in equipment and evaluating the
prepared operation plan, the operation plan preparation and
evaluation method executing a factor setting step of assign-
ing a predetermined set value as an 1nitial factor used when
the operation plan 1s prepared, an operation plan preparation
step of preparing the operation plan based on the initial
factor serving as the set value, master information related to
the equipment and the component, and generated informa-
tion related to the equipment and the component generated
when the operation plan 1s prepared, and an operation plan
evaluation step of evaluating a plurality of respective opera-
tion plans prepared by repeatedly performing the operation
plan preparation step while varying the set value of the
initial factor in the factor setting step, and deriving an
optimum operation plan.

[0008] According to this configuration, an operation plan
may be prepared based on master information, generated
information, and an 1nitial factor. In this instance, a plurality
of operation plans may be prepared by varying a set value of
the 1nitial factor. In addition, an optimum operation plan
may be derived by evaluating the plurality of respective
operation plans.

[0009] Advantageously, in the operation plan preparation
and evaluation device, the master information includes
operation job master information related to an operation job
of the equipment, the generated information includes indi-
vidual article list information related to an individual usage
condition of the component. The control unit performs a
component extraction process of extracting the component,
which 1s required for the operation job and 1s not currently
used, based on the individual article list information, a
priority assignment process ol assigning priorities to a
plurality of components extracted in the component extrac-
tion process, and a component selection process of except-
ing a predetermined quantity m, in descending order of
priority from the components to which the priorities are
assigned 1n the priority assignment process, and selecting
components corresponding to a required quantity to be used
in the operation job in descending order of priority from
remaining components, and the predetermined quantity m, 1s
treated as the mitial factor 1n the factor setting process.

[0010] According to this configuration, 1t 1s possible to
prepare a plurality of operation plans by varying a set value
of a predetermined quantity m, corresponding to an 1initial
factor. For this reason, an optimum operation plan related to
a predetermined quantity m, may be derived by evaluating
the plurality of respective operation plans related to varied
predetermined quantities m,.

[0011] Advantageously, in the operation plan preparation
and evaluation device, the master information includes
operation job master information related to an operation job
of the equipment, the generated information includes indi-
vidual article list information related to an individual usage
condition of the component. The control unit performs a
component extraction process of extracting the component,
which 1s required for the operation job and 1s not currently
used, based on the individual article list information, and a
priority assignment process ol assigning priorities to a



US 2017/0016400 Al

plurality of components extracted 1n the component extrac-
tion process, the priorities are assigned to the components
using a formula for computation represented by
“priority=coeflicient o xresidual life of component+(1-co-
eflicient o,)xremoving time of component removed at pre-
vious time” or a formula for computation represented by
“priority=coetlicient o xpriority of residual life of compo-
nent+(1-coeflicient o,)xpriority when removing time of
component removed at previous time 1s arranged 1n time
sequence’” 1n the priority assignment process, and the coet-
ficient o, (O=o,<1) 1s treated as the 1nitial factor 1n the factor
setting process.

[0012] According to this configuration, a plurality of
operation plans may be prepared by varying a set value of a
coeflicient o, corresponding to an initial factor. For this
reason, an optimum operation plan related to a coetlicient o,
may be derived by evaluating the plurality of respective
operation plans related to varied coeflicients o... Here, as an
evaluation value calculated by a formula for computation
related to a priority 1s smaller, the priornity 1s higher.

[0013] Advantageously, in the operation plan preparation
and evaluation device, the generated information includes
information about an individual residual life of the compo-
nent, an evaluation value of the operation plan 1s calculated
using an evaluation function for evaluating the operation
plan 1 the operation plan evaluation process, and the
evaluation function 1s a function including, as a variable, at
least one of a total residual life obtained by adding residual
lives of all the components, a predetermined evaluation
scale, a quantity of new components, and a quantity of
discarded components.

[0014] According to this configuration, an evaluation
value of a prepared operation plan may be derived using an
evaluation function. For this reason, an operation plan
having a smallest evaluation value may be evaluated as an
optimum operation plan by comparing respective evaluation
values corresponding to operation plans.

[0015] Advantageously, in the operation plan preparation
and evaluation device, the evaluation scale 1s a weighted
average ol a purity P, of a used component in a predeter-
mined operation job 1 of the equipment, when the number of
operation jobs 1 1s set to N, a set of components allocated to
the operation jobs 1 1s set to C,, and a set of components
previously allocated to h operation jobs among the compo-
nents allocated to the operation jobs 1 1s set to A,, the
weighted average of the purity P, corresponds to a formula
for computation represented by “weighted average of purity
P=2{ICI/N)xP,}”, and the purity P, corresponds to a for-
mula for computation represented by “purity P=(1/IC.|)
max|C, A 1", and the evaluation function i1s a function rep-
resented by “evaluation value=w, xtotal residual life
obtained by adding residual lives of all components+w,x
(1-weighted average of purities P,)+w;xquantity of new
components+w, xquantity of discarded components”.
[0016] According to this configuration, an evaluation
value of an operation plan may be obtained using the
evaluation function, and thus an optimum operation plan
may be evaluated. Here, w, to w, are weightings.

[0017] Advantageously, in the operation plan preparation
and evaluation device, an event generation process of gen-
erating events including an operation start event 1n which
operation of the equipment starts, and an operation end event
in which the operation of the equipment 1s suspended, an
operation start event process of simulating an operation of
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the component in the operation start event, and an operation
end event process of simulating an operation of the compo-
nent 1n the operation end event are performed 1n the opera-
tion plan preparation process. The initial factor 1s a factor for
selecting the component used 1n the operation start event,
and the component 1s selected based on the set value set 1n
the factor setting process in the operation start event process.

[0018] According to this configuration, a plurality of
operation plans may be prepared by varying an imtial factor
to change a condition related to selection of a component in
an operation start event.

[0019] Advantageously, in the operation plan preparation
and evaluation device, a test end event in which a test of the
component ends, and a repair end event in which a repair of
the component ends are generated 1n the event generation
process, and a test end event process of simulating an
operation of the component 1n the test end event, and a repair
end event process of simulating an operation of the compo-
nent 1n the repair end event are performed 1n the operation
plan preparation process.

[0020] According to this configuration, an operation plan
may be prepared by generating various events, and thus the
operation plan may be accurately prepared.

[0021] According to another aspect of the present inven-
tion, an operation plan preparation and evaluation device for
preparing an operation plan for a component used 1n equip-
ment and evaluating the prepared operation plan comprises:
a storage unit for storing master information related to the
equipment and the component, generated information
related to the equipment and the component generated when
the operation plan 1s prepared, and an initial factor used
when the operation plan 1s prepared; and a control unit for
preparing the operation plan based on the master informa-
tion, the generated information, and the initial factor. The
control unit performs a factor setting process of assigning a
predetermined set value as the 1nitial factor, and an operation
plan preparation process of preparing the operation plan
based on the 1nitial factor serving as the set value, the master
information, and the generated information. An event gen-
eration process ol generating events including an operation
start event in which operation of the equipment starts, and an
operation end event in which the operation of the equipment
1s suspended, an operation start event process of simulating
an operation of the component 1n the operation start event,
and an operation end event process of simulating an opera-
tion of the component in the operation end event are
performed in the operation plan preparation process. The
initial factor 1s a factor for selecting the component used 1n
the operation start event, and the component 1s selected
based on the set value set 1n the factor setting process in the
operation start event process.

[0022] According to this configuration, an operation plan
may be prepared based on master information, generated
information, and an 1nitial factor. In this instance, a plurality
of operation plans may be prepared by varying a set value of
the 1mitial factor. For this reason, a useful operation plan in
deriving an optimum operation plan may be prepared.

[0023] According to another aspect of the present inven-
tion, an operation plan preparation and evaluation device for
preparing an operation plan for a component used 1n equip-
ment and evaluating the prepared operation plan comprises:
a storage unit for storing master information related to the
equipment and the component, and generated information
related to the equipment and the component generated when
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the operation plan 1s prepared; and a control umt for pre-
paring the operation plan based on the master information
and the generated information. The control unit performs an
operation plan preparation process of preparing the opera-
tion plan based on the master information and the generated
information, and an operation plan evaluation process of
evaluating a plurality of respective operation plans prepared
by the operation plan preparation process, and deriving an
optimum operation plan. The generated information
includes information about an individual residual life of the
component, an evaluation value of the operation plan 1is
calculated using an evaluation function for evaluating the
operation plan in the operation plan evaluation process, and
the evaluation function 1s a function including, as a variable,
at least one of a total residual life obtained by adding
residual lives of all the components, a predetermined evalu-
ation scale, a quantity of new components, and a quantity of
discarded components.

[0024] According to this configuration, an evaluation
value of a prepared operation plan may be calculated using
an evaluation function. For this reason, an operation plan
having a smallest evaluation value may be evaluated as an
optimum operation plan by comparing respective evaluation
values corresponding to a plurality of operation plans.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 1s a schematic block diagram of an operation
plan preparation and evaluation device according to the
present embodiment.

[0026] FIG. 2 1s an explanatory diagram illustrating com-
ponent master data.

[0027] FIG. 3 1s an explanatory diagram 1llustrating opera-
tion master data.

[0028] FIG. 4 1s an explanatory diagram 1llustrating opera-
tion condition master data.

[0029] FIG. S 1s an explanatory diagram illustrating test
master data.
[0030] FIG. 6 1s an explanatory diagram illustrating com-

ponent damage level master data.

[0031] FIG. 7 1s an explanatory diagram illustrating repair
master data.

[0032] FIG. 8 1s an explanatory diagram illustrating event
queue data.

[0033] FIG. 9 1s an explanatory diagram illustrating indi-
vidual article list data.

[0034] FIG. 10 1s an explanatory diagram 1illustrating new
input article list data.

[0035] FIG. 11 i1s an explanatory diagram illustrating
discarded article list data.

[0036] FIG. 12 1s an explanatory diagram 1illustrating job
execution result data.

[0037] FIG. 13 1s an explanatory diagram illustrating
component allocation result data.

[0038] FIG. 14 1s a flowchart of a control operation related
to a component operation plan preparation and evaluation
method.

[0039] FIG. 15 1s a flowchart of a control operation related
to an operation plan preparation process for a component.

[0040] FIG. 16 1s a flowchart of a control operation related
to a operation start event process.

[0041] FIG. 17 1s a flowchart of a control operation related
to an operation end event process.

[0042] FIG. 18 1s a flowchart of a control operation related
to a test end event process.

Jan. 19, 2017

[0043] FIG. 19 1s a flowchart of a control operation related
to a repair end event process.

[0044] FIG. 20 1s an explanatory diagram related to a flow
of various jobs 1n each piece of equipment.

[0045] FIG. 21 1s an explanatory diagram illustrating an
execution result of each job based on an operation plan for
a component prepared by the operation plan preparation and
evaluation device of the present embodiment.

DESCRIPTION OF EMBODIMENTS

[0046] Hereinafter, an embodiment according to the
invention will be described 1n detail based on drawings. It
should be noted that the invention 1s not restricted by the
embodiment. Further, a component in the embodiment
below includes a component that can easily replace the
component by those skilled in the art, or substantially the
same component.

EMBODIMENT

[0047] FIG. 1 1s a schematic block diagram of an operation
plan preparation and evaluation device according to the
present embodiment. FIGS. 2 to 7 are explanatory diagrams
illustrating various types of master data. FIGS. 8 to 13 are
explanatory diagrams illustrating various types of transac-
tion data. FIG. 14 1s a flowchart of a control operation
related to a component operation plan preparation and
evaluation method. FIG. 15 1s a flowchart of a control
operation related to an operation plan preparation process
for a component. FIG. 16 1s a flowchart of a control
operation related to an operation start event process. FIG. 17
1s a flowchart of a control operation related to an operation
end event process. FIG. 18 1s a flowchart of a control
operation related to a test end event process. FIG. 19 1s a
flowchart of a control operation related to a repair end event
process. FIG. 20 1s an explanatory diagram related to a flow
of various jobs in each piece of equipment. FIG. 21 1s an
explanatory diagram related to an operation plan for a
component prepared by the operation plan preparation and
evaluation device of the present embodiment.

[0048] As illustrated 1in FIG. 1, an operation plan prepa-
ration and evaluation device 1 according to the present
embodiment 1s a device for preparing an operation plan for
a component and evaluating the prepared operation plan.
Examples of the component, for which the operation plan 1s
prepared in the device, includes a high-temperature compo-
nent used 1n a gas turbine (equipment), and examples of the
high-temperature component include a turbine blade.

[0049] Herein, the operation plan refers to a so-called
management plan for planning to exchange a used high-
temperature component with a spare component, or
exchange a used high-temperature component with a
repaired high-temperature component. This management 1s
performed not only between a used component and a spare
component prepared in advance for the same gas turbine, but
also between a used component and a spare component
prepared in advance for a different gas turbine having the
same model or a repaired component of the same gas turbine
or a different gas turbine having the same model.

[0050] The operation plan preparation and evaluation
device 1 includes an mput unit 11, a display umit 12, a
storage unit 13, and a control unit 14. The mmput unit 11
includes an input device such as a key board, and outputs a
signal corresponding to an operation, which 1s performed on
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the input device by an operator, to the control unit 14. The
display unit 12 includes a display device such as a liquid
crystal panel, and a display operation thereof 1s controlled by
the control unit 14.

[0051] The storage unit 13 stores various programs and
data. The programs stored 1n the storage unit 13 include an
operation plan preparation program for preparing an opera-
tion plan for a component, an operation plan evaluation
program for evaluating the prepared operation plan, or the
like. In addition, the data stored in the storage unit 13
include master data (master information), transaction data
(generated information), or the like used when the operation
plan for the component 1s prepared.

[0052] The master data 1s basic data for preparing the
operation plan for the component, and 1s invariable (fixed)
data. As illustrated 1n FIGS. 2 to 7, examples of the master
data include component master data D1, operation master
data D2, operation condition master data D3, test master
data D4, and component damage level master data DS,
repair master data 6.

[0053] Asillustrated in FIG. 2, the component master data
D1 1s master data including basic information related to a
component, and 1s data that relates a component number, a
component type, a component division, a design life, and a
manufacturing cost. For example, the component number 1s
treated as “component #1”, “component #2”, or the like, and
1s information for identifying a component. For example, the
component type 1s treated as “component type #1”, “com-
ponent type #2”, or the like, and 1s information for i1denti-
fying a type of a component. For example, the component
division 1s treated as “division #1”°, “division #2”, or the like,
and 1s information for identifying a division of a component.
The design life 1s information related to a design life of a
component. The manufacturing cost 1s information related to
a manufacturing cost of a component.

[0054] As illustrated 1n FIG. 3, the operation master data
D2 1s master data including basic information related to an
operation of a gas turbine, and 1s data that relates an
operation job ID, equipment, a start time, an end time, and
a test type after operation. For example, the operation job ID
1s treated as “operation #17, “operation #2”°, or the like, and
1s information for identifying an operation of a gas turbine
in a predetermined period. For example, the equipment 1s
treated as “equipment #17, “equipment #2”, or the like, and
1s information for identifying equipment (for example, a
serial number) of a gas turbine. The start time 1s information
related to a start time of operation of a gas turbine in
predetermined equipment. The end time 1s information
related to an end time of operation of a gas turbine in
predetermined equipment. The test type after operation i1s
information related to a type of a test performed after
operation of a gas turbine ends.

[0055] As illustrated 1n FIG. 4, the operation condition
master data D3 1s master data including basic information
related to an operation condition of a gas turbine, and 1s data
that relates an operation job ID, equipment, a required
component type, a required component division, a required
quantity, and a consumption life. The operation job ID and
the equipment are the same as those of the above master
data, and a description thereof will not be given. The
required component division 1s information about a compo-
nent division required 1n a predetermined operation job ID.
The required quantity i1s information related to a quantity of
components required 1n a predetermined operation job ID.
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The consumption life 1s information related to a life of a
component consumed 1n a predetermined operation job ID.
Herein, when a predetermined operation job ends, a con-
sumption life corresponding to a predetermined operation
job ID 1s added to an operation time of an individual article
illustrated 1n FIG. 9 described below. For this reason, a
residual life of a component may be calculated based on a
formula for computation of “residual life=design life—
operation time of individual article” 1n which an operation
time of an individual article illustrated i FIG. 9 1s sub-
tracted from a design life.

[0056] As illustrated in FIG. 5, the test master data D4 1s

master data including basic information related to a test, and
1s data that relates a test type ID and a test period. For
example, the test type ID 1s treated as “test #17°, “test #2”°, or
the like, and 1s information for identifying a type of a test.
The test period 1s information related to a period of a test
required 1n a predetermined test type.

[0057] As illustrated 1in FIG. 6, the component damage
level master data DS 1s master data including basic infor-
mation related to a damage level of a component, and 1s data
that relates equipment, a component type, an operation time,
a component damage level, and a proportion. The equipment
and the component type are the same as those of the above
master data, and a description thereof will not be given. The
operation time 1s information related to a cumulative opera-
tion time of a component, and different operation time
ranges (for example, O to 12,000 and 12,001 to 24,000) are
allocated to a predetermined component. The component
damage level 1s information for identifying a type of a
damage level of a component, and examples of the type of
the damage level include “No Damage”, “Light”,
“Medium”, “Heavy”, and “Scrap (discard)”. The proportion
1s information 1ndicating a proportion of components reach-
ing a predetermined damage level.

[0058] As illustrated in FIG. 7, the repair master data D6
1s master data including basic information related to repair,
and 1s data that relates equipment, a component type, a
component damage level (damage level), a repair period,
and repair cost. The equipment, the component type, and the
component damage level are the same as those of the above
master data, and a description thereof will not be given. The
repair period i1s information related to a repair period
required 1n response to a damage level of a component. The
repair cost 1s information related to repair cost required in
response to a damage level of a component.

[0059] Next, the transaction data 1s data generated or
updated when an operation plan for a component 1s pre-
pared, and 1s varniable data. As illustrated in FIGS. 8 to 13,
examples of the transaction data include event queue data
D7, individual article list data D8, new input article list data
D9, discarded article list data D10, job execution result data
D11, component allocation result data D12, and the like.

[0060] As illustrated in FIG. 8, the event queue data D7 1s
data obtained by listing various events as a queue 1n
sequence of occurrence date, and 1s data that relates an event
ID, an event type, a job ID, and an occurrence date. The
event ID 1s information for identifying an occurring event.
The event type 1s information for identifying a type of an
occurring event, and examples of the event include an
operation start event, an operation end event, a test end
event, and a repair end event. The job ID 1s information for
identifying a type of a job, and examples of the job include
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an operation job, a test job, and a repair job. The occurrence
date 1s information related to an occurrence time of an event.

[0061] As illustrated 1n FIG. 9, the individual article list
data D8 1s data related to a usage condition of an individual
component (hereinafter referred to as an individual article),
and 1s data that relates an individual article 1D, a component
type, a component division, an operation time, and an
allocated job ID. The component type and the component
division are the same as those of the above master data and
transaction data, and thus a description thereof will not be
given. The individual article 1D 1s information for 1dentify-
ing an individual article. The operation time 1s information
related to a cumulative operation time of an individual
article. The allocated job ID 1s information related to a job
allocated to a predetermined individual article.

[0062] As 1illustrated in FIG. 10, the new input article list
data D9 1s data related to a list of newly input individual
articles, and 1s data that relates an individual article 1D, a
component type, a component division, a component num-
ber, an operation time, and an mmput date. The individual
article ID, the component type, the component division, the
component number, and the operation time are the same as
those of the above master data and transaction data, and thus
a description thereof will not be given. The input date 1s
information related to an mput time of a newly 1nput
individual article.

[0063] As illustrated in FIG. 11, the discarded article list
data D10 1s data related to a list of discarded individual
articles, and 1s data that relates an individual article 1D, a
component type, a component division, a component num-
ber, an operation time, and a discard date. The individual
article ID, the component type, the component division, the
component number, and the operation time are the same as
those of the above master data and transaction data, and thus
a description thereof will not be given. The discard date 1s
information related to a discard time of a discarded 1ndi-
vidual article.

[0064] As illustrated in FIG. 12, the job execution result
data D11 1s data of a history related to various executed jobs,
and 1s data that relates a job ID, a job type, a start date, and
an end date. The job ID 1s the same as that of the above
transaction data, and thus a description thereof will not be
given. The job type 1s information related to a type of a job.
The start date 1s information related to a start time of a
predetermined job. The end date 1s information related to an
end time of a predetermined job.

[0065] As illustrated 1n FIG. 13, the component allocation
result data D12 1s data related to a history of an allocated job
of an individual article, and 1s data that relates an individual
article ID, a component type, a component division, and an
allocated job ID. The individual article ID, the component
type, the component division, and the allocated job ID are
the same as those of the above master data and the trans-
action data, and thus a description thereof will not be given.

[0066] The control unit 14 includes an integrated circuit,
and performs various processes by executing a predeter-
mined program. Specifically, the control unit 14 performs an
operation plan preparation process of preparing an operation
plan for a component by executing an operation plan prepa-
ration program stored in the storage unit 13, or performs an
operation plan evaluation process of evaluating the prepared
operation plan for the component by executing an operation
plan evaluation program stored in the storage unit 13.
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[0067] The operation plan preparation process 1s a process
ol preparing an operation plan based on the above master
data and transaction data. An event generation process, an
operation start event process, an operation end event pro-
cess, a test end event process, and a repair end event process
are performed 1n the operation plan preparation process. The
event generation process 1s a process ol generating various
events. For example, an operation start event, an operation
end event, a test end event, and a repair end event are
generated, and the generated events are added to the event
queue data D7. The operation start event process 1s a process
of simulating an operation of a component 1n the operation
start event, and details thereof will be described below. The
operation end event process 1s a process of simulating an
operation of a component i1n the operation end event, and
details of this process will be described below. The test end
event process 1s a process of simulating an operation of a
component in the test end event, and details of this process
will be described below. The repair end event process 1s a
process of simulating an operation of a component in the

repair end event, and details of this process will be described
below.

[0068] Herein, 1n the operation plan preparation process, a
component 1s selected based on an 1nitial parameter (initial
factor) for selecting a component in the operation start event
in addition to the above master data and transaction data, and
an operation plan for a component 1s prepared based on the
component selected in the operation start event. In other
words, upon performing the operation plan preparation
process, the control unit 14 performs a factor setting process
of assigning a predetermined set value as an initial param-
eter. Details of the factor setting process will be described
below.

[0069] In the operation plan evaluation process, an evalu-
ation value of an operation plan 1s calculated using an
evaluation function for evaluating an operation plan. The
evaluation function 1s a function 1including, as a variable, at
least one of a total residual life obtained by adding residual
lives of all individual articles, a predetermined evaluation
scale, a quantity of new components, and a quantity of
discarded components 1n a prepared operation plan. Specifi-
cally, an evaluation function 1(z) 1s “1(z)=w,x2, residual life
of individual article k (total residual life obtained by adding
residual lives of all individual articles)+w,x(1-weighted
average of purities P, (evaluation scale)+w,;xquantity of new
components+w,xquantity of discarded components”. Here,
k 1s the total number of individual articles. As a calculated
evaluation value 1s smaller, an evaluation value of the
evaluation function 1(z) 1s more excellent. Herein, it is
presumed that the number of operation jobs 1 1s N, a set of
individual articles allocated to the operation jobs 11s C,, and
a set of individual articles previously allocated to h opera-
tion jobs among the individual articles allocated to the
operation jobs 1 1s A, . In this instance, a weighted average
of a purity P, corresponds to a formula for computation
represented in Equation (1) below, and the purity P, corre-
sponds to a formula for computation represented 1n Equation
(2) below. Here, w, to w,, are coellicients of a weighting, and
are set to coeflicients at which an error 1s smallest at the time
of evaluating an operation plan.

Weighted average of purity P=Z{(IC;|/N)xP;} (1)

Purity P=(1/1C;|)max|C; 4, (2)
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[0070] In Equation (1), a weighted average of a purnity P,
1s applied as an evaluation scale. However, instead, 1t 1s
possible to apply the number H of previously allocated
operation jobs among individual articles allocated to opera-
tion jobs 1, or it 1s possible to apply entropy in so-called
clustering analysis. The application 1s not particularly
restricted.

[0071] Next, a description will be given of a control
operation related to an operation plan preparation and evalu-
ation method of preparing an operation plan and evaluating
the prepared operation plan based on the above master data
and transaction data with reference to FIG. 14.

[0072] First, the control unit 14 of the operation plan
preparation and evaluation device 1 performs a factor setting
process to set a predetermined set value as an 1nitial param-
eter for selecting a component 1n an operation start event
(step S11: factor setting step). The control unit 14 performs
an operation plan preparation process to prepare an opera-
tion plan z for a component based on the set 1mitial param-
eter, master data, and transaction data (step S12: operation
plan preparation step). Details of a control operation related
to preparation of the operation plan for the component will
be described below. In addition, the control unit 14 performs
an operation plan evaluation process to calculate an evalu-
ation value of the prepared operation plan z for the compo-
nent using an evaluation function 1(z) (step S13: operation
plan evaluation step).

[0073] Thereatter, the control unit 14 performs a factor
setting process to reset an 1nitial parameter different from the
initial parameter set in step S11 (step S14: factor setting
step). The control unit 14 performs an operation plan prepa-
ration process to prepare an operation plan z' for the com-
ponent based on the reset initial parameter, the master data,
and the transaction data (step S15: operation plan prepara-
tion step). Then, the control unit 14 performs an operation
plan evaluation process to calculate an evaluation value of
the prepared operation plan z' for the component using an
evaluation function 1(z') (step S16: operation plan evaluation

step).

[0074] Then, the control unit 14 determines whether an
evaluation value 1(z') of the operation plan 7' calculated 1n
step S16 1s an evaluation value more excellent than an
evaluation value 1(z) of the operation plan z calculated 1n
step S13 (step S17). In other words, when the evaluation
value 1(z') 1s an evaluation value smaller than the evaluation
value 1(z) (1(z')<1(z)), the evaluation value 1(z') 1s a more
excellent evaluation value than the evaluation value 1(z). On
the other hand, when the evaluation value 1(z') 1s an evalu-
ation value larger than the evaluation value 1(z) (1(z')>1(z)),
the evaluation value 1(z') 1s not a more excellent evaluation
value than the evaluation value 1(z). When 1(Z') 1s deter-
mined to be a more excellent evaluation value than 1(z) (step
S17: Yes), the control unit 14 sets a provisional solution to
the operation plan z' (step S18), and proceeds to a subse-
quent step S19. On the other hand, when 1(z') 1s determined
to be not a more excellent evaluation value than 1(z) (step
S17: No), the control unit 14 proceeds to a subsequent step
S19 without performing step S18.

[0075] Instep S19, the control unit 14 determines whether
resetting of an 1nitial parameter 1s repeated a predetermined
number of times. In other words, an operation plan for a
component 1s prepared once for one setting of an 1nitial
parameter. For this reason, operation plans for a component
corresponding to set 1nitial parameters are prepared. In this
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instance, set mitial parameters are gradually changed from
another mitial parameter. The control unit 14 may determine
that the resetting of the initial parameter 1s repeated the
predetermined number of times 1n step S19 when operation
plans for a component are prepared for all initial parameters
arranged 1n advance. In addition, 1n step S19, the control unit
14 may determine that the resetting of the initial parameter
1s repeated the predetermined number of times i1f the provi-
sional solution 1s not updated even when the resetting 1s
repeated the predetermined number of times. In other words,
the predetermined number of times 1n step S19 may be
arbitrarily set.

[0076] When the resetting 1s determined to be repeated the
predetermined number of times (step S19: Yes) 1n step S19,
the control unit 14 sets the provisional solution as an
optimum solution (step S20), and terminates the control
operation related to the operation plan preparation and
evaluation method. On the other hand, when the resetting 1s
determined to be not repeated the predetermined number of
times (step S19: No) in step S19, the control unit 14
proceeds to step S14 again, and performs the control opera-
tion after step S14. As described above, the control unit 14
prepares an operation plan for a component a predetermined
number of times while gradually changing an initial param-
eter, and derives an operation plan corresponding to an
excellent evaluation value (a small evaluation value).

[0077] Next, a description will be given of a control
operation related to preparation of an operation plan for a
component with reference to FIG. 15. The operation plan for
the component 1s prepared by simulating management of the
component in accordance with a virtual date and time.

[0078] First, the control unit 14 of the operation plan
preparation and evaluation device 1 acquires information
related to all operation jobs from the operation master data
D2 stored 1n the storage unit 13 (step S21). Then, the control
unit 14 performs the event generation process to generate
events based on the acquired operation jobs, and add the
events to the event queue data D7 1n sequence of occurrence

date (step S22).

[0079] Subsequently, the control umit 14 determines
whether the event 1s present in the event queue data D7 (step
S23). When no event 1s determined to be present 1n the event
queue data D7 (step S23: Yes), the control unit 14 terminates
a control operation related to preparation of an operation
plan for a component. On the other hand, when an event 1s
determined to be present in the event queue data D7 (step
S23: No), the control unit 14 acquires the event from the
event queue data D7, and deletes the acquired event from the
event queue data D7 (step S24). Upon acquiring the event,
the control unit 14 sets a virtual date and time as an
occurrence date (occurrence time) of the acquired event
(step S25).

[0080] Subsequently, the control umit 14 determines
whether the acquired event 1s an operation start event (step
S26). When the acquired event 1s determined to be the
operation start event (step S26: Yes), the control unit 14
performs an operation start event process (step S27), and
proceeds to step S23 again. The operation start event process
will be described below. On the other hand, when the
acquired event 1s determined to be not the operation start
event 1 step S26 (step S26: No), the control unit 14
proceeds to step S28.

[0081] Subsequently, the control umit 14 determines
whether the acquired event 1s an operation end event 1n step
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S28. When the acquired event i1s determined to be the
operation end event (step S28: Yes), the control unit 14
performs an operation end event process (step S29), and
proceeds to step S23 again. The operation end event process
will be described below. On the other hand, when the
acquired event 1s determined to be not the operation end
event 1 step S28 (step S28: No), the control unit 14
proceeds to step S30.

[0082] In addition, the control unit 14 determines whether
the acquired event 1s a test end event 1n step S30. When the
acquired event 1s determined to be the test end event (step
S30: Yes), the control unit 14 performs a test end event
process (step S31), and proceeds to step S23 again. The test
end event process will be described below. On the other
hand, when the acquired event 1s determined to be not the
test end event 1n step S30 (step S30: No), the control unit 14
proceeds to step S32.

[0083] In step S32, the control unit 14 presumes that the
acquired event 1s a repair end event, and performs a repair
end event process (step S32). Then, the control unit 14
proceeds to step S23 again.

[0084] In this way, the control unit 14 performs various

event processes until no event is left in the event queue data
D7.

[0085] Next, a description will be given of a control
operation related to the operation start event process with
retference to FIG. 16. Upon performing the operation start
event process 1n step S27 of FIG. 15, the control unit 14 first
acquires a component type, a required quantity, and a
consumption life required for an operation job from the
operation condition master data D3 (step S41). Thereafter,
the control unit 14 performs a component extraction process
of extracting a component (individual article), which 1s
required for the operation job and 1s not currently used,
based on the individual article list data D8. In other words,
the control unit 14 performs the component extraction
process to extract an individual article whose job 1s not
allocated to an allocated job ID of the individual article list
data D8 among individual articles required for the operation
job, and extract a component whose residual life of an
individual article (=design life—operation time of indi-

vidual article) 1s longer than a consumption life from the
individual article list data D8 (step S42).

[0086] Subsequently, the control unit 14 performs a pri-
ority assignment process ol assigning priorities to a plurality
of extracted individual articles (step S43). Herein, in the
priority assignment process, priorities are assigned to indi-
vidual articles using a formula for computation represented
by “prionity=coetlicient o xresidual life of 1ndividual
article+(1-coeflicient «,)xremoving time of individual
article removed at a previous time”. In the formula for
computation related to the priorities, a priority 1s higher as
a calculated evaluation value 1s smaller. In addition, the
control unit 14 arranges the individual article 1n descending
order of calculated priority. In this instance, a coeflicient ¢,
1s 1n a range of O=a,<1, and 1s treated as an 1nitial parameter.
In other words, a coellicient «, 1s a coellicient that deter-
mines a ratio of a residual life of an individual article to a
removing time of an individual article removed at a previous
time. In addition, the control unit 14 sets the coetlicient o,
as a predetermined set value 1n setting of the initial param-
eter 1n step S11 and step S14 of FIG. 14. A formula for
computation of a priority 1s not restricted to the above
formula for computation, and 1t 1s possible to use a formula
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for computation represented by “priority=coetlicient o, xpri-
ority of residual life of component+(1-coeflicient . )xpri-
ority of removing time of individual article removed at a
previous time”.

[0087] Subsequently, the control unit 14 performs a com-
ponent selection process of selecting an individual article
from among the individual articles arranged 1in descending
order of priority (step S44). Herein, in the component
selection process, excepting individual articles correspond-
ing to a predetermined quantity m, in descending order of
priority from the individual articles to which the priorities
are assigned, individual articles corresponding to a required
quantity used 1n an operation job are selected 1n descending
order of priority from remaining individual articles. In this
instance, the predetermined quantity m, 1s treated as an
initial parameter. For this reason, the control unit 14 sets the
predetermined quantity m, as a predetermined set value in

setting of the initial parameter in step S11 and step S14 of
FIG. 14.

[0088] In step S45, the control unit 14 determines whether
a quantity of the remaining individual articles 1s equal to or
greater than the required quantity when the individual
articles corresponding to the predetermined quantity m;, are
excepted (step S45). When the quantity of the remaining
individual articles 1s determined to be equal to or greater
than the required quantity (step S45: Yes), the control unit 14
allocates an operation job to the individual articles corre-
sponding to the required quantity to update the individual
article list data D8, and adds (records) the data to the
component allocation result data D12 (step S47). On the
other hand, when the quantity of the remaining individual
articles 1s determined to be less than the required quantity
(step S45: No), the control unit 14 adds data of individual
articles corresponding to a shortage to the individual article
list data D8, adds the data of the individual articles corre-
sponding to the shortage to the new 1nput article list data D9
(step S46), and then proceeds to step S47. Further, after
performing step S47, the control unit 14 adds (records) a
start time of an operation job to the job execution result data
D11 (step S48), ends the control operation of the operation
start event process, and proceeds to step S23 of FIG. 15.

[0089] Next, a description will be given of a control
operation related to the operation end event process with
reference to FIG. 17. Upon performing the operation end
event process 1n step S29 of FIG. 15, first, the control unit
14 subtracts a consumption life of an operation job from a
residual life of an individual article with respect to all
individual articles to which the operation job 1s allocated,
and updates the individual article list data D8 (step S51).
Thereafter, the control unit 14 releases the all individual
articles to which the operation job 1s allocated (cancel
allocation), and updates the individual article list data D8
(step S52). In addition, the control unit 14 deletes all
individual articles, residual lives of which are shorter than
the consumption life of the operation job, included in the

operation master data D2 from the individual article list data
D8, and adds (records) the deleted individual articles to the
discarded article list data D10 (step S53).

[0090] Subsequently, the control unit 14 acquires a test
type after the operation job from the operation master data
D2 (step S54). The control unit 14 acquires a test period
from the test master data D4 based on the acquired test type
(step S55). The control unit 14 adds the acquired test period
to an end time of the operation job to set a value, which 1s
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obtained by adding the test period to the end time, as a test
end date (occurrence date), and generates a test end event to
add (record) the generated test end event to the event queue
data D7 (step S56). The control umt 14 allocates a test job
to an individual article to update the individual article list
data D8, and adds (records) the individual article to the
component allocation result data D12 (step S57). Then, the
control unit 14 terminates the control operation related to the
operation end event process by adding (recording) an end

time of the operation job and a start time of the test job to
the job execution result data D11 (step S38).

[0091] Next, a description will be given of a control
operation related to the test end event process with reference
to FIG. 18. Upon performing the test end event process in
step S31 of FIG. 15, first, the control unit 14 releases all
individual articles to which a test job 1s allocated (cancel
allocation), and updates the individual article list data D8
(step S61). The control unit 14 obtains a damage level of an
individual article from the component damage level master
data D5 based on an operation time recorded in the indi-
vidual article list data D8 (step S62). In addition, the control
unit 14 deletes a scrap (discarded component), a damage
level of which 1s “Scrap”, from the individual article list data
D8, and adds (records) the scrap to the discarded article list
data D10 (step S63).

[0092] Subsequently, the control unit 14 acquires a repair
period for each damage level of an individual article from
the repair master data D6 based on a damage level of the
individual article with respect to individual articles other
than individual articles corresponding to “Scrap” and “No
Damage” (step S64). The control unit 14 adds the acquired
repair period for each damage level to an end time of a test
job to set a value, which 1s obtained by adding the repair
period to the end time, as a repair end date (occurrence date),
and generates a repair end event to add (record) the gener-
ated repair end event to the event queue data D7 (step S65).
The control unit 14 allocates a repair job based on a damage
level of an 1individual article to update the individual article
list data D8, and adds (records) the repair job to the
component allocation result data D12 (step S66). In this
instance, 1 step S66, with regard to an individual article
corresponding to “No Damage”, no repair 1s required, and
thus the individual article list data D8 1s updated without
allocating a repair job. In addition, the control unit 14
terminates the control operation related to the test end event
process by adding (recording) an end time of the test job and
a start time of the repair job to the job execution result data
D11 (step S67).

[0093] Next, a description will be given of a control
operation related to the repair end event process with
reference to FIG. 19. Upon performing the repair end event
process 1n step S32 of FIG. 15, first, the control unit 14
releases all individual articles to which a repair job 1s
allocated (cancel allocation), and updates the individual
article list data D8 (step S71). In addition, the control unit 14
terminates the control operation related to the repair end
event process by adding (recording) an end time of the repair
j0b to the job execution result data D11 (step S72).

[0094] As described above, the control unit 14 generates
the job execution result data D11 and the component allo-
cation result data D12 by performing the operation plan
preparation process, and prepares an operation plan for a
component based on the job execution result data D11 and
the component allocation result data D12.

Jan. 19, 2017

[0095] Herein, a description will be given of a flow of
various jobs in each piece of equipment based on the job
execution result data D11 prepared in the operation plan
preparation process with reference to FIG. 20. As described
in the foregoing, examples of the jobs include an operation
job, a test job, and a repair job. The operation job 1s
determined 1n advance based on an operation plan for
equipment. Similarly, the test job 1s determined 1n advance
according to the operation job. The repair job 1s appropri-
ately determined according to a damage level based on an
operation time of an 1ndividual article. The operation job, the
test job, and the repair job are determined according to each
piece ol equipment. These jobs are performed according to
virtual dates and times. First, a predetermined operation job
1s performed, and a test job 1s performed after the operation
job ends. In addition, after the test job ends, a repair job 1s
performed. Meanwhile, operation jobs may be continuously
performed according to predetermined virtual dates and
times. In this case, an individual article used 1n a previous
operation job may not be used 1n a subsequent operation job.

[0096] Next, a description will be given of an example of
an operation plan z for a component prepared 1n the opera-
tion plan preparation process with reference to FIG. 21. The
operation plan z for the component includes the new 1nput

article list data D9 of FIG. 10, the discarded article list data
D10 of FIG. 11, the job execution result data D11 of FIG. 12,
the component allocation result data D12 of FIG. 13, or the
like. As illustrated in FIG. 21, in the operation plan z for the
component prepared based on the job execution result data
D11, an operation job in equipment #1 1s continuously
performed in order of operation #1, operation #2, and
operation #3, and an operation job 1n equipment #2 1s
continuously performed in order of operation #4, operation
#5, and operation #6.

[0097] Herein, for example, a component set A installed 1n
an operation job of operation #1 1n equipment #1 1s a
manufactured, stored, and newly input component. After
operation of operation #1, the component set A 1s removed.
Then, after a test job of test #1 1s performed, a repair job of
repair #1 1s performed. The component set A subjected to
repair #1 1s 1nstalled in an operation job of operation #5 1n
equipment #2. After operation of operation #5, the compo-
nent set A 1s removed. Then, after a test job of test #4 1s
performed, a repair job of repair #4 1s performed.

[0098] In addition, for example, a component set B
installed 1 an operation job of operation #4 1n equipment #2
1s a manufactured, stored, and newly input component. After
operation of operation #4, the component set B 1s removed.
Then, after a test job of test #2 1s performed, a repair job of
repair #2 1s performed. The component set B subjected to
repair #2 1s 1nstalled in an operation job of operation #3 in
equipment #1. After operation of operation #3, the compo-
nent set B 1s removed. Then, after a test job of test #5 1s
performed, a repair job of repair #5 1s performed.

[0099] In addition, for example, a component set C
installed 1n an operation job of operation #2 1in equipment #1
1s a manufactured, stored, and newly input component. After
operation of operation #2, the component set C 1s removed.
Then, after a test job of test #3 1s performed, a repair job of
repair #3 1s performed. The component set C subjected to
repair #3 1s installed in an operation job of operation #6 1n
equipment #2. After operation of operation #6, the compo-
nent set C 1s removed.
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[0100] As described in the foregoing, according to a
configuration of the present embodiment, an operation plan
7z for a component may be prepared based on master data,
transaction data, and an 1nitial parameter. In this instance, it
1s possible to prepare a plurality of operation plans z for the
component by varying a set value of the initial parameter.
Further, an optimum operation plan z may be derived by
evaluating the plurality of respective operation plans z.
[0101] In addition, according to a configuration of the
present embodiment, 1t 1s possible to prepare a plurality of
operation plans z by varying a set value of a predetermined
quantity m, corresponding to an initial parameter. For this
reason, an optimum operation plan z related to a predeter-
mined quantity m, may be derived by evaluating the plurality
of respective operation plans z related to varied predeter-
mined quantities m..

[0102] In addition, according to a configuration of the
present embodiment, a plurality of operation plans z may be
prepared by varying a set value of a coeflicient ., corre-
sponding to an 1nitial parameter. For this reason, an optimum
operation plan z related to a coellicient o, may be derived by
evaluating the plurality of respective operation plans z
related to varied coeflicients ...

[0103] In addition, according to a configuration of the
present embodiment, an evaluation value of a prepared
operation plan z may be derived using an evaluation func-
tion 1(z). For this reason, an operation plan z having a
highest evaluation value may be evaluated as an optimum
operation plan by comparing respective evaluation values
corresponding to operation plans z.

[0104] In addition, according to a configuration of the
present embodiment, an evaluation value of an operation
plan z may be obtained using a formula for computation of
an evaluation function 1(z), and thus an optimum operation
plan z may be evaluated.

[0105] In addition, according to a configuration of a first
embodiment, a plurality of operation plans z may be pre-
pared by varying an initial parameter to change a condition
related to selection of a component 1n an operation start
event.

[0106] In addition, according to a configuration of the first
embodiment, an operation plan z may be prepared by
generating various events, and thus the operation plan z may
be accurately simulated and prepared.

REFERENCE SIGNS LIST

[0107] 1 OPERAITON PLAN PREPARAITION AND
EVALUATION DEVICE

[0108] 11 INPUT UNIT

[0109] 12 DISPLAY UNIT

[0110] 13 STORAGE UNIT

[0111] 14 CONTROL UNIT

[0112] D1 COMPONENT MASTER DATA

[0113] D2 OPERATION MASTER DATA

[0114] D3 OPERATION CONDITION MASTER
DATA

[0115] D4 TEST MASTER DATA

[0116] D3> COMPONENT DAMAGE LEVEL MAS-

TER DATA

[0117] D6 REPAIR MASTER DATA

[0118] D7 EVENT QUEUE DATA

[0119] D8 INDIVIDUAL ARTICLE LIST DATA
[0120] D9 NEW INPUT ARTICLE LIST DATA
[0121] D10 DISCARDED ARTICLE LIST DATA

Jan. 19, 2017

[0122] D11 JOB EXECUTION RESULT DATA

[0123] D12 COMPONENT ALLOCATION RESULT
DATA

[0124] z OPERATION PLAN

1. An operation plan preparation and evaluation device for
preparing an operation plan for a component used 1n equip-
ment and evaluating the prepared operation plan, the opera-
tion plan preparation and evaluation device comprising:

a storage unit for storing master information related to the
equipment and the component, generated information
related to the equipment and the component generated
when the operation plan 1s prepared, and an 1nitial
factor used when the operation plan 1s prepared; and

a control unit for preparing the operation plan based on
the master information, the generated information, and
the 1nitial factor,

wherein the control unit performs

a factor setting process of assigning a predetermined set
value as the initial factor,

an operation plan preparation process ol preparing the
operation plan based on the 1nitial factor serving as the
set value, the master information, and the generated
information, and

an operation plan evaluation process of evaluating a
plurality of respective operation plans prepared by
repeatedly performing the operation plan preparation
process while varying the set value of the 1mitial factor
in the factor setting process, and deriving an optimum
operation plan, and

wherein the master information includes operation job
master information related to an operation job of the
equipment,

the generated information includes individual article list
information related to an individual usage condition of
the component,

the control unit performs

a component extraction process of extracting the compo-
nent, which 1s required for the operation job and is not
currently used, based on the individual article list
information,

a priority assignment process ol assigning priorities to a
plurality of components extracted in the component
extraction process, and

a component selection process of excepting a predeter-
mined quantity m, 1n descending order of priority from
the components to which the priorities are assigned in
the priority assignment process, and selecting compo-
nents corresponding to a required quantity to be used in
the operation job 1n descending order of priority from
remaining components, and

the predetermined quantity m, 1s treated as the initial
factor 1n the factor setting process.

2. (canceled)

3. The operation plan preparation and evaluation device
according to claim 1,

wherein the master information includes operation job
master information related to an operation job of the
equipment,

the generated information includes individual article list
information related to an individual usage condition of
the component,

the control unmit performs
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a component extraction process ol extracting the compo-
nent, which 1s required for the operation job and 1s not
currently used, based on the individual article list
information, and

a priority assignment process of assigning priorities to a
plurality of components extracted in the component
extraction process,

the priorities are assigned to the components using a
formula  for  computation  represented by
“priority=coetilicient o xresidual life of component+
(1-coeflicient o )xremoving time of component
removed at previous time” or a formula for computa-
tion represented by “priority=coethlicient o xpriority of
residual life of component+(1-coetlicient o )xpriority
when removing time of component removed at previ-
ous time 1s arranged in time sequence™ 1n the priority
assignment process, and

the coeflicient o, (O=c..<1) 1s treated as the initial factor in
the factor setting process.

4. The operation plan preparation and evaluation device

according to claim 3,

wherein the generated information includes information
about an individual residual life of the component,

an evaluation value of the operation plan i1s calculated
using an evaluation function for evaluating the opera-
tion plan in the operation plan evaluation process, and

the evaluation function 1s a function including, as a
variable, at least one of a total residual life obtained by
adding residual lives of all the components, a prede-
termined evaluation scale, a quantity of new compo-
nents, and a quantity of discarded components.

5. The operation plan preparation and evaluation device

according to claim 4,

wherein the evaluation scale 1s a weighted average of a
purity P, of a used component in a predetermined
operation job 1 of the equipment,

when the number of operation jobs 1 1s set to N, a set of
components allocated to the operation jobs 11s set to C,,
and a set of components previously allocated to h
operation jobs among the components allocated to the
operation jobs 1 1s set to A, ,

the weighted average of the purity P, corresponds to a
formula for computation represented by “weighted
average of purity P,=2 {(IC,|/N)xP,}”, and

the purity P, corresponds to a formula for computation
represented by “purity P,=(1/IC,)max|C, A 1, and

the evaluation function 1s a function represented by
“evaluation value=w,xtotal residual life obtained by
adding residual lives of all components+w,x(1-
weighted average of purities P))+w, xquantity of new
components+w, xquantity of discarded components”.

6. The operation plan preparation and evaluation device

according to claim 5,

wherein an event generation process ol generating events
including an operation start event 1n which operation of
the equipment starts, and an operation end event 1n
which the operation of the equipment 1s suspended,

an operation start event process of simulating an operation
of the component 1n the operation start event, and

an operation end event process of simulating an operation
of the component in the operation end event are per-
formed 1n the operation plan preparation process,

the 1nitial factor 1s a factor for selecting the component
used 1n the operation start event, and

Jan. 19, 2017

the component 1s selected based on the set value set 1n the
factor setting process in the operation start event pro-
CEesS.

7. The operation plan preparation and evaluation device
according to claim 6,

wherein a test end event 1n which a test of the component
ends, and a repair end event in which a repair of the
component ends are generated 1n the event generation
process, and

a test end event process of simulating an operation of the
component in the test end event, and

a repair end event process of simulating an operation of
the component 1n the repair end event are performed 1n
the operation plan preparation process.

8. An operation plan preparation and evaluation device for
preparing an operation plan for a component used 1n equip-
ment and evaluating the prepared operation plan, the opera-
tion plan preparation and evaluation device comprising:

a storage unit for storing master information related to the
equipment and the component, generated information
related to the equipment and the component generated
when the operation plan 1s prepared, and an 1nitial
factor used when the operation plan 1s prepared; and

a control unit for preparing the operation plan based on
the master information, the generated information, and
the 1nitial factor,

wherein the control unit performs

a factor setting process of assigning a predetermined set
value as the mitial factor, and

an operation plan preparation process ol preparing the
operation plan based on the 1nitial factor serving as the
set value, the master information, and the generated
information,

an event generation process of generating events includ-
ing an operation start event in which operation of the
equipment starts, and an operation end event 1n which
the operation of the equipment 1s suspended,

an operation start event process of simulating an operation
of the component 1n the operation start event, and

an operation end event process of simulating an operation
of the component in the operation end event are per-
formed 1n the operation plan preparation process,

the mitial factor 1s a factor for selecting the component
used 1n the operation start event, and

the component 1s selected based on the set value set 1n the
factor setting process in the operation start event pro-
CEesS.

9. An operation plan preparation and evaluation device for
preparing an operation plan for a component used 1n equip-
ment and evaluating the prepared operation plan, the opera-
tion plan preparation and evaluation device comprising:

a storage unit for storing master information related to the
equipment and the component, and generated informa-
tion related to the equipment and the component gen-
erated when the operation plan 1s prepared; and

a control unit for preparing the operation plan based on
the master information and the generated information,

wherein the control unit performs

an operation plan preparation process ol preparing the
operation plan based on the master information and the
generated information, and
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an operation plan evaluation process of evaluating a
plurality of respective operation plans prepared by the
operation plan preparation process, and deriving an
optimum operation plan,

the generated information includes information about an
individual residual life of the component,

an evaluation value of the operation plan i1s calculated
using an evaluation function for evaluating the opera-
tion plan in the operation plan evaluation process, and

the evaluation function 1s a function including, as a
variable, at least one of a total residual life obtained by
adding residual lives of all the components, a prede-
termined evaluation scale, a quantity of new compo-
nents, and a quantity of discarded components, and

wherein the evaluation scale 1s a weighted average of a
purity P, of a used component in a predetermined
operation job 1 of the equipment,

when the number of operation jobs 1 1s set to N, a set of
components allocated to the operation jobs 11s set to C,,
and a set of components previously allocated to h
operation jobs among the components allocated to the
operation jobs 1 1s set to A, ,

the weighted average of the purity P, corresponds to a
formula for computation represented by “weighted
average of purity P,=2 {(IC,|/N)xP,}”, and

the purity P, corresponds to a formula for computation
represented by “purity P,=(1/IC,)max|C, A 1, and

the evaluation function 1s a function represented by
“evaluation value=w,xtotal residual life obtained by
adding residual lives of all components+w,x(1-
weilghted average of purities P,)+w;xquantity of new
components+w, xquantity of discarded components”.

10. An operation plan preparation and evaluation device

for preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan, the
operation plan preparation and evaluation device compris-
ng:

a storage unit for storing master information related to the
equipment and the component, generated information
related to the equipment and the component generated
when the operation plan i1s prepared, and an initial
factor used when the operation plan 1s prepared; and

a control unit for preparing the operation plan based on
the master information, the generated information, and
the 1mitial factor,

wherein the control unit performs

a fTactor setting process of assigning a predetermined set
value as the 1mitial factor,

an operation plan preparation process ol preparing the
operation plan based on the initial factor serving as the
set value, the master information, and the generated
information, and

an operation plan evaluation process of evaluating a
plurality of respective operation plans prepared by
repeatedly performing the operation plan preparation
process while varying the set value of the 1nitial factor
in the factor setting process, and deriving an optimum
operation plan,

wherein the master information includes operation job
master information related to an operation job of the
equipment,

the generated information includes individual article list
information related to an individual usage condition of
the component,
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the control unmt performs

a component extraction process of extracting the compo-
nent, which 1s required for the operation job and 1s not
currently used, based on the individual article list
information, and

a priority assignment process of assigning priorities to a
plurality of components extracted in the component
extraction process,

the priorities are assigned to the components using a
formula  for  computation  represented by
“priority=coetlicient o xresidual life of component+
(1-coeflicient o )xremoving time of component
removed at previous time” or a formula for computa-
tion represented by “priority=coeflicient o, xpriority of
residual life of component+(1-coetlicient o, )xpriority
when removing time of component removed at previ-
ous time 1s arranged in time sequence” 1n the priority
assignment process, and

the coeflicient ., (O=ao.,<1) 1s treated as the 1nitial factor in
the factor setting process.

11. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claam 1, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an 1nitial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the 1nitial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while

varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.

12. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claam 3, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an initial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the mitial factor in the factor
setting step, and deriving an optimum operation plan.

13. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
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operation plan preparation and evaluation device according
to claim 4, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an 1mtial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while

varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.

14. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claim 5, the operation plan preparation and evaluation
method comprising;:

a factor setting step of assigning a predetermined set value
as an iitial factor used when the operation plan 1is
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the initial factor in the factor
setting step, and deriving an optimum operation plan.

15. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claim 6, the operation plan preparation and evaluation
method comprising;:

a factor setting step of assigning a predetermined set value
as an mitial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.

16. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claim 6, the operation plan preparation and evaluation
method comprising:
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a factor setting step of assigning a predetermined set value
as an 1nitial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.

17. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claam 7, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an 1nitial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the 1nitial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.

18. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claim 8, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an 1nitial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the 1nitial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while

varying the set value of the initial factor in the factor
setting step, and deriving an optimum operation plan.

19. An operation plan preparation and evaluation method
of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claam 9, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value

as an 1nitial factor used when the operation plan 1s
prepared;



US 2017/0016400 A1l Jan. 19, 2017
13

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the initial factor in the factor
setting step, and deriving an optimum operation plan.

20. An operation plan preparation and evaluation method

of preparing an operation plan for a component used 1n
equipment and evaluating the prepared operation plan for an
operation plan preparation and evaluation device according
to claim 10, the operation plan preparation and evaluation
method comprising:

a factor setting step of assigning a predetermined set value
as an mtial factor used when the operation plan 1s
prepared;

an operation plan preparation step of preparing the opera-
tion plan based on the initial factor serving as the set
value, master information related to the equipment and
the component, and generated information related to
the equipment and the component generated when the
operation plan 1s prepared; and

an operation plan evaluation step of evaluating a plurality
of respective operation plans prepared by repeatedly
performing the operation plan preparation step while
varying the set value of the mnitial factor in the factor
setting step, and deriving an optimum operation plan.
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