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SPECIFICATION 

WORKING MACHINE MAINTENANCE WORK MANAGEMENT SYSTEM 

Technical Field 

[0001] 

The present invention relates to a working machine maintenance 

work management system for construction machinery or the like.  

Prior Art 

[0002] 

A system has been suggested (in Patent Document #1) which 

collects information related to the working time period of a 

construction machine via wireless communication, and which urges 

the user to perform maintenance of a component whose maintenance 

time has arrived, if the cumulative working time period has 

arrived at a time which has been determined in advance by a 

maintenance plan. With the technique described in this document, 

whether or not to maintain each component is determined according 

to the cumulative working time period of the construction 

machine.  

[0003] 

However there are individual discrepancies in wear state due to, 

for example, the field environment in which the construction 

machine is used, the nature of actuation by the operator, the 

relative weight of the load, and so on. Accordingly, simply 

determining the maintenance timing only according to the value of 

the cumulative operating time period is not economic. Thus, a 

technique has been suggested (in Patent Document #2) for 

determining the timing of maintenance tasks by monitoring the 

amount of the load which is imposed upon the construction 

machine.
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Patent Document #1: Japanese Laid-Open Patent Publication 2003

119831 

Patent Document #2: Japanese Laid-Open Patent Publication Heisei 

11-211622 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

[0004] 

With the technique described in said second document, the 

cumulative load amount imposed upon the engine of the 

construction machine is calculated for each stage of engine 

rotational speed, and the service life of that engine is 

predicted by comparison with service life characteristics which 

are obtained in advance. However, even hypothetically supposing 

that construction machines of the same type have almost the same 

cumulative load amounts, due to causes such as the details of 

their tasks and their environment of use and so on, there are 

various discrepancies with regard to the extent of the individual 

damage which construction machines suffer in concrete terms.  

[000.5] 

Accordingly, it is difficult to predict the service life of a 

construction machine accurately based upon the cumulative load 

amount. Due to discrepancies in individual environment which 

occur between individual construction machines in concrete terms, 

while there are some construction machines in which a failure 

occurs earlier than the service lives which have been predicted 

from their cumulative load amounts, there are also construction 

machines which operate longer than their predicted service lives.  

[0006] 

If the accuracy of service life prediction is low, then it is not 

possible to set the maintenance timings for the main components 

in an appropriate manner. Due to this, if for example a fault or 
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the like has occurred in the construction machine earlier than 

its predicted service life, then the procurement and 

transportation of components is not on time, and the inactive 

period of the construction machine increases, so that the 

productivity of its user decreases.  

[0007] 

Moreover, when the accuracy of prediction of service life is 

low, then sometimes the maintenance timings of a large number 

of construction machines occur together, so that the working 

capability of the maintenance workplace is exceeded; and, due 

to this, there may be a shortage of work personnel or the like, 

in which case the time periods required for maintenance tasks 

become long. The longer that the time periods required for 

maintenance tasks become, the longer do the inactive periods of 

the construction machines become, so that the user productivity 

is decreased.  

[00081 

A need therefore exists to provide a maintenance work 

management system for a construction machine with which it is 

arranged, by prediction calculations of a plurality of types 

based upon parameters of a plurality of types, to be able to 

predict an individual service life for the working machine, and 

thereby to be able to set the maintenance timing more 

accurately. A further need exists to provide a maintenance work 

management system for a construction machine, with which it is 

arranged to be able to reflect concrete differences in the 

actual environment of the individual construction machine in 

respective prediction calculations of a plurality of types, and 

thereby to be able to improve the service life prediction 

accuracy. A still further need exists to provide a maintenance 

work management system for a construction machine which can be 

applied, even if construction machines which are equipped with 

devices which detect various types of state, and construction 

2245623-2 3



machines which are not equipped 

with such devices, are mixed together.  

[0009] 

It is an the object of the present invention to substantially ov 

ercome or at least ameliorate one or more of the above disadvant 

ages.  

According to an aspect of the present invention, a system which 

manages, between a plurality of working machines, maintenance 

tasks for exchanging components installed to the working 

machines, includes: a first service life prediction unit 

which predicts first service lives of said components, 

based upon changes of first parameters in which the wear 

states of said components are reflected; a second service 

life prediction unit which predicts second service lives of 

said components, based upon second parameters in which the 

cumulative load amounts of said components are reflected, 

and lifetime cumulative load amounts which are set in 

advance; and an order setting unit which sets an order for 

maintenance tasks between said plurality of working 

machines by selecting, as the service lives of said 

components, the ones which are the shorter among said first 

predicted service lives and said second predicted service 

lives.  

[0010] 

Furthermore, there may be further included a maintenance 

schedule generation unit which generates a maintenance schedule 

for said plurality of working machines, based upon said 

priority order which has been set.  

[0011] 

Moreover, there may be further included a correction unit which 

corrects said maintenance schedule by acquiring, from a data 

management unit, the states of components required for 

2245623-2 4



maintenance tasks for said plurality of working machines, of a 

workforce, and of times required for tasks.  

[00121 

Yet further, there may be further included a plan creation unit 

which, if it is decided that there is no stock of some 

component required by said maintenance schedule, corrects said 

first service life and said second service life by changing the 

operating conditions of said working machine, and creates a 

task plan for maintenance tasks.  

[0013] 

Even further, said first service life prediction unit may 

predict said first service life by compensating a first 

basic service life which has been obtained from said first 

parameter according to a compensation coefficient which is 

obtained based upon test data for a previous old component 

which is exchanged with said component; and said second 

service life prediction unit may predict said second 

service life by compensating a second basic service life 

which has been obtained from said second parameter 

according to said compensation coefficient.  

[0014] 

Still further, said first service life prediction unit: for 

a working machine, among said plurality of working 

machines, which is equipped with a state detection device 

which detects the state of said working machine, may 

predict said first service life by acquiring said first 

parameter from data transmitted from said state detection 

device; and for a working machine, among said plurality of 

working machines, which is not equipped with such a state 

detection device, may predict said first service life by 

acquiring said first parameter from servicing history data 

which has been accumulated by a data management unit. And 

said second service life prediction unit: for a working 

2245623-2 5



machine which is equipped with such a state detection 

device, may predict said second service life by acquiring 

said second parameter from data transmitted from said state 

detection device; and for a working machine which is not 

equipped with such a state detection device, may predict 

said second service life by acquiring said second parameter 

from said servicing history data.  

[00151 

And, according to another aspect of the present invention, a 

system for managing maintenance tasks for exchanging components 

of a plurality of working machines includes: a management 

center which is capable of communicating via a 

communication network with each of said plurality of 

working machines, directly or indirectly; a computer 

terminal for maintenance, which is provided in a 

maintenance facility for performing maintenance tasks for 

each of said plurality of working machines, and which is 

connected to said management center via said communication 

network so as to be capable of communicating therewith; a 

computer terminal for analysis, which is provided in an 

analysis facility for performing analysis of the state of 

each of said plurality of working machines, and which is 

connected to said management center via said communication 

network so as to be capable of communicating therewith; and 

a state detection device which detects the state of at 

least one working machine among said plurality of working 

machines, and transmits said state to said management 

center.  

Said management center includes: a first data management 

unit for acquiring and storing data related to the states 

of each of said plurality of working machines from said 

computer terminal for maintenance, said computer terminal 

for analysis, and said state detection device; a second 

2245623-2 6



data management unit for storing the states of components 

required for maintenance tasks for said plurality of 

working machines, of a workforce, and of the time periods 

for tasks; a first service life prediction unit which 

predicts first service lives of said components, based upon 

first parameters in which the wear states of said 

components are reflected; a second service life prediction 

unit which predicts second service lives of said 

components, based upon second parameters in which the 

cumulative load amounts of said components are reflected; 

an order setting unit which sets an order for maintenance 

tasks of said components by selecting, as the service lives 

of said components, the ones which are the shorter among 

said first predicted service lives and said second 

predicted service lives; a maintenance schedule generation 

unit which generates a maintenance schedule for said 

components, based upon said priority order which has been set; 

and a correction unit which corrects said maintenance 

schedule by acquiring, from said second data management unit, 

the states of said components required for maintenance tasks 

for said plurality of working machines, of the workforce, and 

of times required for tasks.  

Moreover, said first service life prediction unit, for a 

working machine among said plurality of working machines 

which is equipped with said state detection device, 

predicts said first service life by acquiring said first 

parameter from data transmitted from said state detection 

device; and, for a working machine among said plurality of 

working machines which is not equipped with said state 

detection device, predicts said first service life by 

acquiring said first parameter from servicing history data 

which has been accumulated by said first data management 

unit; and said second service life prediction unit, for a 
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working machine which is equipped with said state detection 

device, predicts said second service life by acquiring said 

second parameter from data transmitted from said state 

detection device; and, for a working machine which is not 

equipped with said state detection device, predicts said 

second service life by acquiring said second parameter from 

said servicing history data.  

And, according to another aspect of the present invention, a 

working machine maintenance work management system which 

manages, between a plurality of working machines, maintenance 

tasks for exchanging components installed to the working 

machines, comprises: a first service life prediction unit which 

predicts first service lives of said components, based upon 

changes of first parameters in which wear states of said 

components are reflected; and a second service life prediction 

unit which predicts second service lives of said components, 

based upon second parameters in which cumulative load amounts 

of said components are reflected, and lifetime cumulative load 

amounts which are set in advance; and wherein, among said first 

predicted service lives and said second predicted service 

lives, the shorter ones are selected as lives of said 

components.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

2245623-1 7a
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Fig. 1 is an explanatory figure showing the overall structure of 

a working machine maintenance work management system according to 

an embodiment of the present invention; 

Fig. 2 is a block diagram showing the structures of a management 

center and of a construction machine; 

Fig. 3 is an explanatory figure schematically showing a process 

for predicting services lives of a plurality of types, and 

constructing an overhaul implementation plan; 

Fig. 4 is an explanatory figure showing operational data and load 

data; 

Fig. 5 is an explanatory figure showing fault history management 

data; 

Fig. 6 is an explanatory figure showing a maintenance coefficient 

calculation table; 

Fig. 7 is an explanatory figure showing a standard process table; 

Fig. 8 is an explanatory figure showing a list of components 

which are required for an overhaul task; 

Fig. 9 is an explanatory figure showing a task process table; 

Fig. 10 is an explanatory figure showing a process for obtaining 

a load coefficient; 

Fig. 11 is an explanatory figure showing a table for obtaining a 

load coefficient when no machine management device is equipped; 

Fig. 12 is an explanatory figure showing a process for obtaining 

a prediction logic unit compensation coefficient; 

Fig. 13 is an explanatory figure showing a situation when making 

the overhaul schedule table; 

Fig. 14 is a flow chart showing processing for a server to store 

operational data which has been collected by a machine management 

device; 

Fig. 15 is a flow chart showing processing for servicing data and 

analysis data for a construction machine to be registered on a 

server; 

Fig. 16 is a flow chart showing processing for predicting a 

service life based upon wear state; 

8
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Fig. 17 is an explanatory figure showing a trend graph for blow

by pressure; 

Fig. 18 is a flow chart showing processing for service life 

prediction processing based upon cumulative load amount; and 

Fig. 19 is a flow chart showing processing for creating an 

overhaul implementation plan.  

EXPLANATION OF THE REFERENCE SYMBOLS 

[0017] 

1... management center, 2... place of work, 3... maintenance 

workplace, 4... analysis center, 5... user business, 6...  

distributor, 11... machine management device server, 11A...  

storage device, 11B... communication unit, 12... head office 

server, 12A... storage device, 12B... communication unit, 21 & 

22... construction machine, 23... computer terminal for 

maintenance, 31... computer terminal for maintenance, 41...  

computer terminal for analysis, 51... user terminal, 61...  

distributor terminal, CN1 & CN2 ... communication network, 

CN3... internal network, 100... machine management device, 

101 ... controller, 102 ... storage unit, 103 ... communication 

unit, 201... service meter, 202... transmission controller, 

203... engine controller, 204... load amount monitoring unit, 

206... transmission, 207... sensor group for engine control, 

208... engine, 209... load amount related sensor, 300... logic 

unit, 311... first service life prediction unit, 312... second 

service life prediction unit, 320... overhaul order setting 

unit, 330... overhaul schedule table generation unit, 340...  

overhaul schedule table judgment unit, 341... correction unit, 

350... overhaul plan creation unit, 360... overhaul 

implementation unit, 370... test unit, 380... test result 

judgment unit, Al & A2... gradient compensation coefficient, 

FO... design lifetime load amount, Gl & G2... load 

9
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coefficient, Hi & H3... time instant that blow-by pressure 

reaches warning value LCL, H2 & H4... time instant that blow

by pressure reaches limit value UCL (reference service life), 

Li & L2... predicted service life, M... remaining service 

life; 

P... prediction logic unit compensation coefficient, Sl, S2...  

maintenance coefficient, SMR... service meter value, D1...  

overhaul schedule table, Dla... corrected schedule table, 

D2... overhaul implementation plan document, D3... estimate, 

T11 ... operational data, T12... load data, T12A ... index map, 

T12B... calculation result data, T12C... table for acquiring 

load coefficient G2, T13... fault history management data, 

T14... analysis result data, T14A... oil analysis result 

report document, T14B... test result sheet, T15... periodic 

servicing register (servicing history data), T21... stock 

list; 

T22... list of required components, T22A... detailed component 

list, T23 ... process table, T24 ... standard man-hour table, 

T31... maintenance coefficient calculation table, T32...  

decision table, T33... prediction logic unit compensation 

coefficient map, T34... order table.  

PREFERRED EMBODIMENT FOR IMPLEMENTATION OF THE INVENTION 

[001B] 

Fig. 1 is an explanatory figure showing an overall summary of a 

working machine maintenance work management system according to 

an embodiment of the present invention. In the following, a case 

will be explained of application to construction machines such 

as, for example, hydraulic shovels or dump trucks, as examples of 

working machines.  

[0019] 

10
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This system can be set up by, for example, mutually connecting 

together a plurality of facilities 1, 2, 3, 4, 5, and 6 via 

communication networks CN1 and CN2. A management center 1 

collects and manages information related to construction machines 

21 and 22. This management center 1 comprises a machine 

management device server 11 and a head office server 12. Although 

the details of each of these servers 11 and 12 will be described 

hereinafter, various types of data related to, for example, the 

operational states of the construction machines 21 and 22, 

results of analysis of components, and so on are accumulated in a 

storage device llA of the machine management device server 11.  

And, for example, in the storage device 12A of the head office 

server 12, there are accumulated various types of data related to 

material resources and human resources required for maintenance 

tasks, such as the presence or absence of components for exchange 

and their delivery times, task processing by maintenance 

personnel, and the like. Moreover, as will be described in detail 

hereinafter, the machine management device server 11 supplies 

services for prediction calculation of various different types of 

service life, based upon a plurality of different types of 

parameters.  

[0020] 

A plurality of construction machines 21 and 22 are disposed in a 

place of work 2. A machine management device 100 is mounted to 

one of these construction machines 21. Although this will be 

described in detail hereinafter, the machine management device 

100 automatically collects data related to the operational state 

of the construction machine 21 and so on, and transmits it to the 

machine management device server 11. No such machine management 

device 100 is mounted to the other construction machine 22, but 

various types of data related to this construction machine 22 can 

be transmitted to the machine management device server 11 via a 

computer terminal for maintenance 23.  

[0021] 

11
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The maintenance workplace 3 performs maintenance tasks upon the 

construction machines 21 and 22. For example, overhaul tasks are 

one type of maintenance task. In the maintenance workplace 3, 

overhaul tasks for the construction machines 21 and 22 are 

performed using main component units such as, for example, 

engines, transmissions, hydraulic pumps, and the like. For 

example, when performing an engine overhaul, another engine which 

has been already prepared is exchanged in. And the engine which 

has been removed is taken apart, its individual components are 

inspected for wear and damage, certain individual components are 

exchanged for new ones, and then the engine is reassembled. And 

then it is retained for use as a replacement for the next engine 

which needs to be overhauled. The various individual components 

which have been removed due to wear or damage, such as cylinders, 

pistons, the crank shaft and the like are tested by wear 

measurement or visual inspection, and the results of this 

inspection are transmitted from the computer terminal for 

maintenance 31 via the communication network CN1 to the 

management center 1, and are accumulated in the machine 

management device server 11.  

[0022] 

The analysis center is a facility which performs, for example, 

analysis and so on of oil which has been taken from the 

construction machines 21 and 22. The results of this analysis are 

transmitted from the computer terminal for analysis 41 via the 

communication network CN1 to the management center 1, and are 

accumulated in the machine management device server 11.  

[0023] 

The user business 5 is the user of the construction machines 21 

and 22, and, for example, information and the like which is 

suggested from a computer terminal 61 of an distributor 6 is 

inputted into the computer terminal 51 of this user business 5.  

One type of such suggested information may be an overhaul 

implementation plan document and so on which will be described 

12
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hereafter.  

[0024] 

The life prediction service which the machine management device 

server 11 supplies to, for example, the distributor terminal 61 

or the user terminal 51 may be either of two types of service 

life which are calculated based upon two types of prediction 

algorithm, and it is arranged to use that one of these service 

lives which is the shorter.  

[0025] 

One of these prediction algorithms predicts a first service life 

for a component based upon a first parameter in which the wear 

state of the component is reflected. Since this prediction 

algorithm predicts the service life based upon the actual wear 

state, it may also be termed the result based prediction 

algorithm. The other of these prediction algorithms predicts a 

second service life for a component based upon a second parameter 

which reflects the cumulative load amount upon the component.  

Since this prediction algorithm predicts the service life based 

upon the load which has been imposed upon the component, it may 

also be termed the cause based prediction algorithm.  

[0026] 

If the main component which is to be the subject of exchange is 

an engine, then, to cite an example, the first parameter may be 

change of blow-by pressure. And the second component may, to cite 

an example, be engine fuel consumption amount. Apart from these, 

to cite other examples, the first parameter may be the stall 

conditions of a torque converter, the change over time of the 

compression of an engine, and the like. And, to cite other 

examples, the second parameter may be thermal deterioration or 

thermal fatigue of various individual components, stress fatigue, 

or the like.  

[0027] 

By predicting the respective service lives of components from a 

plurality of different points of view in this manner, and by 

13
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employing that service life which is the shortest, it is possible 

to reduce the possibility that a component may arrive at the end 

of its service life before the predicted service life. By doing 

this, it is possible to draw up an appropriate maintenance task 

plan, and to arrange for the required components and personnel 

quickly, and thus it is possible to implement smooth management.  

In the following, this embodiment will be explained in more 

detail.  

EMBODIMENT 1 

[0028] 

Fig. 2 is a block diagram showing examples of the structures of 

the management center 1 and of the construction machine 21 in 

more detail. The machine management device server 11 can be 

connected to the communication network CN1 via a communication 

unit 11B, and collects information of various types from the 

place of work 2, the maintenance workplace 3, and the analysis 

center 4. For example, each of operational data Tl1, load data 

T12, fault history management data T13, analysis result data T14, 

servicing history data T15 and so on may be accumulated in the 

machine management device server 11. Moreover, the machine 

management device server 11 comprises a logic unit 300 for 

predicting respective service lives for the components, based 

upon prediction algorithms of a plurality of types. This logic 

unit 300 and the various types of data Tll and so on can be used 

from the computer terminal for maintenance 23, the distributor 

terminal 61, and so on.  

[0029) 

The head office server 12 can be connected to the communication 

network CNl via a communication unit 12B, and can supply 

information of various types to the maintenance terminal 23 and 

the terminal for maintenance 31 and so on. For example, a stock 

list data T21, a component list data T22, a process table data 

T23, a standard man-hour table data T24 and so on may all be 

stored in the head office server 12. It should be understood that 
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the server structure of the management center 1 is not to be 

considered as being limited to the example described above. It 

would be possible to utilize more servers, or to manage all the 

information with one server. However, it is possible to build a 

flexible system by separating the system into the machine 

management device server 11 which manages the collection of field 

level data and the head office server 12 which manages the 

collection of management level data, with both of these servers 

cooperating.  

[0030] 

The construction machine may be, for example, a dump truck or a 

wheel loader or the like, and may be equipped with a machine 

management device 100. And this machine management device 100 may 

be constituted by, for example, a computer device which comprises 

a controller 101, a storage unit 102, and a communication unit 

103 and the like, and may be connected to various main portions 

of the construction machine 21 via an internal network CN3.  

[0031] 

The controller 101 is connected to a service meter 201, and 

acquires the operating time period of the construction machine 21 

from this service meter 201. Moreover, the controller 101 is 

connected to a transmission controller 202.  

[0032] 

This transmission controller 202 is a device which controls a 

transmission 206 based upon a transmission control signal, and 

the controller 101 can acquire one or a plurality of items of 

information related to the transmission 206 from this 

transmission controller 202.  

[0033] 

The engine controller 203 is a device which controls an engine 

208 based upon detection signals from a sensor group for engine 

control 207. The controller 101 can acquire one or a plurality of 

items of information related to the engine 208 from this engine 

controller 203. As the sensor group for engine control 207, for 

15



PKM050156 

example, a cooling water temperature sensor, a battery voltage 

sensor, a fuel amount sensor, or an engine rotational speed 

sensor or the like may be cited.  

[0034] 

A load amount monitoring unit 204 is a device which monitors the 

weight of the load carried by the construction machine 21, based 

upon a detection signal from a load amount related sensor 209.  

The controller 101 is connected to this load amount monitoring 

unit 204, and is thereby able to acquire information such as the 

weight of the load and so on.  

[0035] 

Next, Fig. 3 is an explanatory figure schematically showing the 

functional structure of the logic unit 300 which predicts 

services lives of components, and so on. A first service life 

prediction unit 311, a second service life prediction unit 312, 

an overhaul order setting unit 320, an overhaul schedule table 

generation unit 330, an overhaul schedule table judgment unit 

340, a correction unit 341, and an overhaul plan creation unit 

350 are all functions which can be executed by a computer. And, 

apart from these, an overhaul implementation unit 360, a test 

unit 370, and a test result judgment unit 380 are portions which 

can be executed by a human being.  

[0036] 

The operational data T11 and so on, which has been automatically 

collected from the construction machine 21 upon which the machine 

management device 100 is mounted, is inputted to both of the 

service life prediction units 311 and 312. As for the 

construction machine 22 upon which no such machine management 

device 100 is mounted, the servicing history data T15 and so on, 

which has been collected by the maintenance personnel and the 

like via the terminal 23, is inputted to both of the service life 

prediction units 311 and 312. Moreover, the analysis result data 

T14 is also inputted to both of the service life prediction units 

311 and 312.  
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[0037] 

The first service life prediction unit 311 calculates the service 

life of a component based upon the actual state of wear and state 

of damage which have appeared upon that component, compensates 

this predicted service life based upon the load amount which has 

been applied to that component and upon a compensation 

coefficient and so on, and outputs the result as a first 

predicted service life. And the second service life prediction 

unit 312 predicts the service life of a component based upon the 

cumulative load amount which has been applied to that component, 

compensates this predicted service life based upon its most 

recent state of use and upon a compensation coefficient and so 

on, and outputs the result as a second predicted service life.  

Accordingly, both a first predicted service life and a second 

predicted service life are calculated for the same main 

component.  

[0038] 

An overhaul (abbreviated in the figures as "O/H") order setting 

unit 320 selects that one of the first predicted service life and 

the second predicted service life from the service life 

prediction units 311 and 312 which is the shorter, and sets a 

priority order in which overhaul tasks are to be performed.  

(0039] 

And, based upon the order which has been set, an overhaul 

schedule table generation unit 330 creates a schedule table Dl 

which shows which construction machine is to be overhauled and 

when. Moreover, an overhaul schedule table judgment unit 340 

decides upon the contents of the schedule table Dl, based upon 

stock list data T21, component list data T22, process table data 

T23, and standard man hour table data T24. For example, this 

judgment unit 340 may decide whether or not the initial schedule 

table Dl is appropriate, from the standpoint of procurement of 

components and allocation of personnel and so on. And, if the 

judgment unit 340 has decided that it is necessary to correct the 
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schedule table Dl, then a correction unit 341 corrects the 

schedule table D1 by changing the content of the task for some 

construction machine or the like.  

[0040] 

For example, in a situation such as when there is no stock of 

some component for exchange, or when a certain time is needed to 

procure it, then, if the content of the task for that 

construction machine is made lighter, or its operating time 

period is shortened, then it is possible to make the service life 

of the component be longer than the predicted value, so that it 

will also be possible to meet the delivery time for the 

component. Thus the correction unit changes the operating 

conditions for that construction machine and corrects its 

predicted service life, and inputs these to the order setting 

unit 320. Due to this, the order setting unit 320 generates the 

schedule table D1 for a second time. This schedule table D1 which 

has been thus generated is decided upon for a second time by the 

judgment unit 340.  

[0041) 

After repeating this correction procedure, the judgment unit 340 

decides that the schedule table Dl is one which can be 

implemented. This schedule table which it has been decided can be 

implemented will be termed Dla. And, based upon this corrected 

schedule table Dla, a plan creation unit 350 determines the 

number of individual components to be exchanged and their price, 

and the details of the start timing and the end timing of the 

overhaul task and so on, and creates an implementation plan 

document D2 and an estimate D3. It should be understood that the 

function of the plan creation unit 350 may also be implemented by 

collaborative working between processing by a computer and by a 

human being.  

[0042] 

Wher. the implementation plan document D2 and the estimate D3 

which have thus been created are approved by the user, 
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procurement of the required components is performed. The 

components which have been thus ordered are delivered from a 

workshop or a warehouse to the maintenance workplace 3.  

[0043] 

In the maintenance workplace 3, maintenance personnel are 

allocated and a process table is created, based upon the 

implementation plan document D2 which has been approved. And, 

when all of the required components have been collected together, 

an overhaul implementation unit 360 performs the task of 

overhauling the construction machine. It should be understood 

that although, as described above, it is possible to perform the 

task of overhauling the entire construction machine, it is often 

the case that a partial overhaul task is performed for a main 

component unit such as the engine or the transmission or the like 

thereof.  

[0044] 

The old components which have been removed in the overhaul task 

are taken apart into individual components, each of which is 

tested by a test unit 370. And, based upon the test results for 

the individual components, a test result judgment unit 380 makes 

combined decisions related to the main components which are made 

up from these individual components. The results of these 

combined decisions are fed back to both of the service life 

prediction units 311 and 312, and thereby the prediction 

algorithms of these service life prediction units 311 and 312 are 

each corrected.  

[0045] 

Next, the various types of data which are used in this system 

will be explained. First, Fig. 4 is an explanatory figure showing 

examples of the operational data Tll and the load data T12. In 

this embodiment, an example is shown in which a main component is 

taken as being an engine, of which the blow-by pressure and the 

fuel consumption amount are taken as being the parameters for 

predicting its service life.  
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[004 6] 

Fig. 4(a) shows the operational data Tll. "SMR" in the figure 

denotes the operating time period of the construction machine, 

which is outputted from the service meter 201. The operational 

data such as, for example, blow-by pressure, fuel consumption 

amount, engine rotational speed, engine oil pressure, and the 

like, is stored in correspondence to each operating time period.  

Accordingly, one record of operational data Tll specifies various 

states of the engine at some time instant (during one operating 

time period), and, based upon the operational data Tll, it is 

possible to ascertain the change over time of the blow-by 

pressure and the fuel consumption amount and so on.  

[0047] 

Fig. 4(b) shows the load data T12. This load data T12 breaks both 

the fuel injection amount and also the engine rotational speed 

into a plurality of steps, and, for each of the plurality of 

regions which are thus created, the frequency Kll, K12, ... K55 

at which it appears is stored as a ratio. In other words, the 

entire range of the fuel injection amount from its minimum value 

to its maximum value is broken into a plurality of unit ranges 

(0-ql, ql-q2, q2-q3, ... ), and each of these unit ranges for fuel 

injection amount is divided up by breaking the entire range of 

engine rotational speed, from its minimum value to its maximum 

value into a plurality of unit ranges (0-N1, Nl-N2, N2-N3, ... ) 

[0048] 

Accordingly, the number of regions which are created is equal to 

the product of the number of divisions of the entire range of the 

fuel injection amount, and the number of divisions of the entire 

range of the engine rotational speed. And the frequency of 

appearance K of each of these regions is calculated so that the 

sum of all of these frequencies of appearance of the regions 

becomes unity. Accordingly, the time frequency of operation in 

each operational region is given by this load data T12. In the 

case of a construction machine which is often operated at high 
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load, the values of the frequencies K which appear near the lower 

right region of this table will be high. On the other hand, in 

the case of a construction machine which is often operated at low 

load, the values of the frequencies K which appear near the upper 

left region of this table will be high.  

(0049] 

Fig. 5 is an explanatory figure showing an example of the fault 

history management data T13. This fault history management data 

T13 is data for managing the history of faults that have occurred 

in each of the main components of each of the construction 

machines.  

[0050] 

This fault history management data T13 may consist of, for 

example, an identification number, a time instant of issue, a 

SMR, a fault code, fault details, a return time instant, a 

controller, number of cases, and so on, all in mutual 

correspondence. The fault history management data T13 is 

generated based upon information related to faults which is 

transmitted from the machine management device 100.  

(0051] 

It should be understood that, in the case of the construction 

machine 22 to which no machine management device 100 is fitted, 

during a periodic inspection or the like, it is possible for 

maintenance personnel to read out the fault record from various 

controllers via a terminal, and to store this as the fault 

history management data T13.  

[0052] 

The identification number is information for identifying each of 

the main components. The time instant of issue is the time 

instant that the fault occurred. The SMR is the output value of 

the service meter 201 at the point that the fault occurred. The 

fault code is information for identifying the type of the fault 

that has occurred. The details of the fault is information giving 

a summary of the fault that has occurred. The return time instant 
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is the time instant that the fault was eliminated. The controller 

is information for identifying under the jurisdiction of which 

controller the fault has occurred. And the number of cases is the 

number of cases in which this fault has occurred.  

[0053] 

Fig. 6 is an explanatory figure showing an example of the 

maintenance coefficient calculation table T31. This table T31 is, 

for example, stored by the machine management device server 11, 

and is used by the logic unit 300. Maintenance coefficients S1 

and 32 are coefficients which are obtained based upon the 

maintenance state of the construction machine, and these are used 

for compensating the predicted service life, as will be described 

hereinafter.  

[0054] 

The maintenance coefficient calculation table T31 may, for 

example, include three types of information: oil analysis 

results, fault history, and the periodic servicing state.  

[0055] 

The analysis of oil is performed by the analysis center 4. The 

results of analysis are sent to the management center 1 as an oil 

analysis result report document T14A, which is stored by the 

machine management device server 11. This report document T14A 

may be transmitted via the communication network CNl as 

electronic data, or may also be sent upon a physical medium.  

[0056] 

If the engine is worn or the like, the mixing ratio of metallic 

wear which is mixed into the engine oil is increased. The number 

of irems of anomalous data is described in the oil analysis 

result report document T14A. The value of a first maintenance 

base coefficient ms0 is set in advance in the maintenance 

coefficient calculation table T31, according to this number of 

items of anomalous data. The smaller is the number of items of 

anomalous data, the smaller does the value of this base 

coefficient ms0 become (its minimum value is 1), and the larger 
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is the number of items of anomalous data, the larger does the 

value of this base coefficient msO become.  

[0057] 

The fault history is ascertained from the fault history 

management data T13 by the machine management device 100. The 

value of a second maintenance base coefficient msl is set in 

advance according to the number of cases of a fault which have 

occurred. The smaller is the number of cases of the fault which 

have occurred, the smaller does the value of this base 

coefficient msl become (its minimum value is 1), and the larger 

is the number of cases of the fault which have occurred, the 

larger does the value of this base coefficient msl become.  

[0058] 

The state of periodic servicing is ascertained from the servicing 

record T15. Based upon the state which has been obtained during 

periodic servicing, for example, the servicing state may be 

divided into a plurality of stages "normal", "rather poor", or 

"bad". The value of a third maintenance base coefficient ms2 is 

set in advance for each of these stages. Its minimum value is 1.  

It should be understood - and this is the same in the explanation 

of the other tables - that how the values of these various base 

coefficients ms0, msl, and ms2 are set, is not to be considered 

as being limited to the example shown in the figure.  

[0059] 

Each of the maintenance coefficients is calculated by a different 

method by the construction machine 21 to which the machine 

management device 100 is fitted, and by the construction machine 

22 to which no such device is fitted. In the case of the 

construction machine 21 to which the machine management device 

100 is fitted, a maintenance coefficient Sl is used. This 

coefficient Sl is calculated by multiplying together the first 

maintenance base coefficient ms0 and the second maintenance base 

coefficient msl (Si = msO x msl). Moreover, in the case of the 

construction machine 22 to which no such machine management 
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device 100 is fitted, if the fault history management is not 

sufficient, it can also be calculated by multiplying together the 

first maintenance base coefficient ms0 and the third maintenance 

base coefficient ms2 (S2 = msO x ms2).  

[0060] 

Fig. 7 is an explanatory figure showing an example of the 

standard man-hour table data T24. This standard man-hour table 

T24 may, for example, be prepared for each type of construction 

machine. In the standard man-hour table T24, for each of the main 

components, the details of each individual task which is required 

for entirely overhauling this main component and the time period 

required for that task are kept in correspondence with one 

another. By referring to this standard man-hour table T24, it is 

possible to ascertain the standard time periods which are 

required for the overhaul tasks for any main component which is 

to be the subject of overhaul.  

[0061] 

Fig. 8 is an explanatory figure showing an example of a component 

list T22 which is used for an overhaul task. This component list 

T22 is prepared for each of the main components, and may include, 

for example, the overhaul level, component numbers, component 

names, unit prices, the quantity required, and the total cost.  

[006 2] 

By the level is mean per which number of overhaul tasks. In other 

words, the level specifies the exchange frequency of this 

component (per how many repetitions of the overhaul task). For 

example while, according to the durability of each component and 

so on, there are components which must be exchanged each time the 

overhaul task is performed, there also exist components which 

should be exchanged at a rate of once every four times, and so 

on. The number of components is information for identifying that 

individual component. The component name is the title of that 

individual component. To each individual component in the 

component list T22, there corresponds a respective detailed 
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component list T22A. In the detailed component list T22A, there 

are registered a detailed group of components which make up that 

individual component.  

[0063] 

Fig. 9 is an explanatory figure showing an example of the process 

table data T23. This process data table T23 is a table for 

managing the task situation in the maintenance workplace 3. The 

process data table T23 may, for example, consist of a management 

number for identifying the overhaul task, the day of receipt of 

the task, the type (i.e. the model) of the construction machine 

and its production number (the machine number), the name of the 

user of this construction machine, a title which denotes the 

details of the task, the state of component preparation, the 

state of progress of the task, and its time schedule, in mutual 

correspondence.  

[0064] 

Fig. 10 is an explanatory figure showing a method for calculating 

a load coefficient Gl. The load data T12, as described above, 

shows the frequency of each operational region, as divided up 

according to the fuel injection amount and the engine rotational 

speed. The more high load running a construction machine performs 

(at high engine rotational speed and high fuel injection amount), 

the greater is the extent of the damage and wear which its engine 

experiences.  

(0065] 

Thus, an index map T12A which has a plurality of regions 

subdivided in a manner similar to that of the load data T12 is 

weighted at the frequency K of the load data T12. For example, if 

a high speed running time period is long, rotating portions and 

sliding portions can easily wear; and, if for example low speed 

running is performed up a long upward slope, then the time period 

at which the engine is exposed to high temperatures becomes long, 

and its pistons and the valves and so on experience an influence 

due to heat. In this manner, even if the fuel injection amount is 
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the same, the locations which are influenced and the details of 

such influence may vary in different ways according to the engine 

rotational speed.  

[00665] 

Accordingly, in the index map T12A, a load index all, a12 ... a55 

... is set for each operational region, in consideration of the 

magnitudes of rotation and sliding and thermal influence. Thus, 

calculated result data T12B is obtained for each operational 

region by multiplying together the frequency K at which its 

corresponding load data T12 appears, and its corresponding load 

index a in the index map T12A (K x a). And the load coefficient 

G1 is obtained by adding together the calculation results for all 

the operational regions. It should be understood that the index 

map T12A may be prepared according to the type of the engine and 

the exhaust amount, and the index a of each operational region 

may also be changed appropriately, according to requirements.  

[0067] 

Fig. 11 is an explanatory figure showing an example of a 

coefficient discrimination table T12C which is used for acquiring 

another load coefficient G2. In the case of the construction 

mach:-ne 21 to which the machine management device 100 is fitted, 

the 'Load coefficient G1 may be acquired based upon load data T12 

which is totalized in real time. By contrast, in the case of the 

construction machine 22 to which no such machine management 

device 100 is fitted, the load data cannot be collected in real 

time..  

[0068] 

Thus, in the table T12C, the operational state of the 

construction machine is classified into three stages, and a value 

of the load coefficient G2 is set in advance for each stage. The 

operational state of the construction machine 22 is determined 

according as to whether the fuel consumption amount is large or 

small, or empirically by visual inspection by the service 

personnel or the like. With the value in normal conditions being 
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taken as 1, the value of the load coefficient G2 becomes smaller 

the lighter the load becomes, and the value of the load 

coefficient G2 becomes greater the heavier the load becomes. It 

should be understood that, in the following explanation, 

sometimes the load coefficient G1 is termed the "first load 

coefficient" and the load coefficient G2 is termed the "second 

load coefficient".  

[0069] 

Fig. 12 is an explanatory figure showing a method for obtaining a 

prediction logic unit compensation coefficient P. In the decision 

table T32, for each type of damage and wear experienced by an 

individual component (i.e. for each item tested), there are 

registered the extent and the evaluated value of wear and tear 

which has been measured by either visual inspection or 

measurement. "Very high" means that the damage due to wear and so 

on is extremely large, and to this is allocated the worst 

evaluation value "E". "Very low" means that the damage due to 

wear and so on is extremely low, and to this is allocated the 

best evaluation value "A".  

[0070] 

An engine which has been exchanged out in the maintenance 

workplace 3 is taken apart into its individual components, such 

as the crank shaft and the cam shaft and so on. Measurement or 

testing by visual inspection of each of these individual 

components is performed in respect of each of a set of test items 

which are set in advance, and the corresponding decision results 

are recorded upon a test result sheet T14B. In the result of the 

combined decision for each of the individual components, that 

evaluation value is employed, among the evaluation values for 

each of the test items for that individual component, which is 

the lowest. For example, in the case of some individual component 

whose evaluation value for wear state is "A", whose evaluation 

value for denting state is "B", and whose evaluation value by 

visual inspection is "C", the combined evaluation for that 
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individual component is "C".  

[ 007 1] 

And that evaluation value, among the combined evaluations of all 

the individual components, which is the lowest, is used as the 

final evaluation of the main component which is the aggregate of 

these various individual components (here, the engine). This is 

because if a fault occurs in any single individual component, 

that constitutes a fault of the engine itself. Accordingly the 

average value is not used; rather, the worst value is used.  

[0072] 

In the prediction logic unit compensation coefficient map T33, 

the value of a compensation coefficient P is set in advance 

corresponding to each of the evaluation results of the combined 

decision result. A value of 1 is used for the normal or ordinary 

state, and the lower the evaluation value becomes, the more the 

value of the compensation coefficient P increases, and the higher 

the evaluation value becomes, the more the value of the 

compensation coefficient P decreases.  

[0073] 

Fig. 13 is an explanatory figure showing an example of an order 

table T34 in which the order of overhaul tasks is set, based upon 

the respective predicted service lives of various main 

components. The overhaul schedule table Dl is created based upon 

this order table T34.  

[0074] 

The order table T34, for example, may consist, for each type of 

main component, of an identification number which identifies each 

main component, the date of the last update, the SMR, the 

priority order, the predicted service life, and the remaining 

service life, all in mutual correspondence. Here, the date of the 

final update specifies the newest date and time that the service 

life was predicted, while the SMR is the output value of the 

service meter 201 at the time of this newest prediction. In the 

priority order, there is set a number which is smaller in the 
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order of shorter remaining service life. In the predicted service 

life, there is set a service life which has been calculated by 

either the first service life prediction unit 311 or the second 

service life prediction unit 312. And, in the remaining service 

life, a value is set which is obtained by subtracting the SMR 

value at the time of prediction from the predicted service life.  

[0075] 

Here the first point to which attention should be directed is 

that, for each main component, a plurality of mutually differing 

types of service life are calculated. Accordingly, the priority 

order is set by rearranging the order table T34 in order of 

shortness of service life.  

[0076] 

The next point to which attention should be directed is that, for 

main components which have the same identification number, only 

the one is selected whose remaining service life is the shortest, 

and the overhaul schedule table Dl is created by doing this. The 

remaining service life is divided by the planned operating time 

period for each month from now, and thereby the number of months 

over which this construction machine is able to operate is 

calculated. For example, if the remaining service life is 2000 

hours, and the planned operating time period per one month is 500 

hours, then the number of months that operation is possible is 4 

(=2000/500). In this case, it is necessary to start the overhaul 

task for this main component of the construction machine before 

four months elapse from the present, at the latest. It should be 

understood that it would be possible to determine this time 

period over which operation is possible, based upon actual values 

for this user or the like.  

[0077] 

The maximum processing capability of the maintenance workplace 3 

is determined by the number of days the workplace operates, the 

number of personnel, the number of facilities, and so on.  

Accordingly, the number of overhaul tasks which can be performed 
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per one month is also determined. Thus, the overhaul schedule 

table Dl is created by setting appointed overhaul dates in the 

order of shortness of remaining service life of the construction 

machines. A decision is made as to whether or not the contents of 

the overhaul schedule table Dl can be implemented, and, after any 

necessary corrections have been made, the implementation plan 

document D2 and the estimate D3 are created, and these are then 

proposed to the user.  

[00731 

Next, the operation of this system will be explained. Fig. 14 is 

a flow chart showing processing for the machine management device 

100 to collect operational data from the construction machine 21.  

The machine management device 100 acquires operational data from 

the controllers 202 and 203 and from sensors (a step S12). Next, 

it acquires the value from the service meter 201 (a step S13).  

And the machine management device 100 establishes a 

correspondence between the SMR value and the operational data, 

and transmits this to the machine management device server 11 (a 

step S14). Each time a predetermined period elapses (a step S15), 

the machine management device 100 acquires the operation data 

from the construction machine 21, establishes a correspondence 

with the SMR value, and transmits it to the server 11. And 

processing ends when the engine stops (YES in a step S16).  

[0079] 

On the other hand, upon receipt of the operational data and the 

SMR value from the machine management device 100 (a step S21), 

the machine management device server llstores the operational 

data which has been thus received (a step S22). Moreover, the 

machine management device server 11 creates the load data T12 

based upon this operational data (a step S23), and stores this 

load data T12 which it has created (S24). It should be understood 

that it would also be acceptable to arrange for the load data T12 

to be created within the machine management device 100.  

[0080] 
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Fig. 15 is a flow chart showing processing for registering, upon 

the machine management device server 11, servicing data and 

analysis data which have been obtained in relation to the 

construction machines 21 and 22. For example, the terminal 31 of 

the maintenance workplace or the terminal 41 of the analysis 

center 4 tries to access the machine management device server 11 

and log in (a step S31). And the machine management device server 

11, for example, receives input of a user ID and a password or 

the like, and performs authentication of the user (a step S32).  

[0081] 

After this user authentication has succeeded, the terminal 31 or 

41 transmits servicing data or analysis data to the machine 

management device server 11 (a step S33). And, upon receipt of 

this servicing data or the like (a step S34), the machine 

management device server 11 stores it in the storage device llA 

(a step S35).  

(0082] 

Fig. 16 is a flow chart showing processing for predicting the 

first service life for a component (a main component), based upon 

the wear and so on of that component. This processing is executed 

by the logic unit 300 of the machine management device server 11.  

[0083] 

The logic unit 300 decides whether or not this is service life 

prediction related to a construction machine to which a machine 

management device 100 is mounted (a step S41). If the 

construction machine which is the subject of prediction is one to 

which a machine management device 100 is mounted (YES in the step 

S41), then the remaining service life is calculated by executing, 

in order, the steps S42 through S49 which will be described 

hereinafter. By contrast, if the construction machine which is 

the subject of prediction is one to which no such machine 

management device 100 is mounted (NO in the step S41), then the 

remaining service life is calculated by executing, in order, the 

steps S50 through S57 which will be described hereinafter.  
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[0084] 

To explain first the case in which the construction machine in 

question is indeed equipped with such a machine management device 

100: based upon the operational data T11, the logic unit 300 

constructs a trend graph which shows the change over time of the 

blow-by pressure (a step S42), and obtains the gradient a from 

this trend graph (a step S43).  

[0085] 

This point will now be explained with reference to Fig. 17. Fig.  

17 shows such a trend graph for the blow-by pressure. The blow-by 

pressure is shown along the vertical axis in the figure, and time 

is shown along the horizontal axis. The present time instant (the 

present SMR value) is supposed to be Ti. UCL represents a limit 

value, and LCL represents a warning value. The time instant Hi 

represents the SMR value at the time instant that it is predicted 

that the blow-by pressure will reach the warning value LCL. And 

the time instant H2 represents the SMR value at the time instant 

that it is predicted that the blow-by pressure will reach the 

limit value UCL.  

[0086] 

The blow-by pressure which is transmitted from the machine 

management device 100 changes in various ways from time to time 

according to the operational state. An approximate curve is 

obtained from this blow-by pressure data. This approximate curve 

is shown in the figure by the thick line. The time instant that 

this approximate curve reaches the warning value LCL is Hi, and 

the time instant that it reaches the limit value UCL is H2. The 

logic unit 300 obtains the gradient a of the approximate curve 

between Hi and H2. In other words, this gradient a represents the 

extent of the change from when the blow-by pressure reaches the 

warning value LCL to when it arrives at the limit value UCL. The 

larger is this gradient a, the more rapidly does the blow-by 

pressure arrive at the limit value UCL, and conversely, the 

smaller is this gradient a, the more slowly does the blow-by 
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pressure arrive at the limit value UCL.  

[0087] 

It should be understood that "T1 - 200h" shown in Fig. 17 means 

the time instant 200 hours before the present time instant.  

Moreover, the time instants H3 and H4 are used when no machine 

management device 100 is mounted to the construction machine.  

[0088] 

We now return to Fig. 16. After calculating the gradient a (in 

the step S43), a gradient compensation coefficient Al is 

calculated based upon this gradient a (a step S44). Here, a 

gradient compensation coefficient Al is set in advance for each 

range of the value of the gradient a. For example, if the value 

of the gradient a is less than 0.5 (a<0.5), then the value of the 

coefficient Al becomes 0.9. And if the value of the gradient a is 

0.5 or larger, then, if it is smaller than 1.0 (0.59 a<1.0), then 

the value of the coefficient Al becomes 1.0. But if the value of 

the gradient a is 1.0 or greater (1.09 a), then the value of the 

coefficient Al becomes 1.1. In other words, the more abrupt it is 

predicted that the change of the blow-by pressure is, the larger 

is the value to which the gradient compensation coefficient Al is 

set.  

[0089] 

Next, the logic unit 300 calculates the load coefficient Gl based 

upon the load data T12, as described above along with Fig. 10 (a 

step S45). And next, the logic unit 300 calculates the 

maintenance coefficient Sl based upon the oil analysis result and 

the fault history management data T13, as described above along 

with Fig. 6 (a step S46). Moreover, the logic unit 300 acquires 

the prediction logic unit compensation coefficient P based upon 

the test results for the main components which were removed when 

the overhaul task was performed the previous time, as described 

above along with Fig. 12 (a step S47). In the case of an overhaul 

task which is the first one for this construction machine, the 
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value of this compensation coefficient is set to 1.  

[009 0] 

And the logic unit 300 calculates the predicted service life Li 

by dividing the value of the time instant H2 by each of the 

coefficients (Al, G1, Sl, and P) (i.e. by Li = H2/Ai/Gl/Sl/P) (a 

step S48). In other words the reference service life H2, which is 

predicted from the change of the blow-by pressure in which the 

actual wear state is reflected, comes to be compensated by the 

various coefficients described above. And the logic unit 300 

calculates the remaining service life M by subtracting the 

present time instant Ti from this predicted service life Li which 

has been compensated (a step S49).  

[0091] 

On the other hand, if the construction machine which is the 

subject for prediction is not in fact equipped with such a 

machine management device 100 (NO in the step S41): based upon 

the details described in the periodic servicing register T15, in 

a similar manner to what was done previously, the logic unit 300 

constructs a trend graph for the blow-by pressure, and obtains 

the gradient a from this trend graph (a step S50). And the logic 

unit 300 calculates a gradient compensation coefficient A2 based 

upon this gradient a (a step S51).  

(0092] 

And the logic unit 300 acquires the load coefficient G2 from the 

table T12C, based upon the present operational state, as 

described above along with Fig. 11 (a step S53). Next, the logic 

unit 300 calculates the maintenance coefficient S2 based upon the 

oil analysis result and the state of periodic servicing, as shown 

in Fig. 6 (a step S54). Moreover, as described in Fig. 12, the 

logic unit 300 acquires the prediction logic unit compensation 

coefficient P from the map T33 (a step 555), and calculates the 

predicted service life L2 (a step S56). In the case of an 

overhaul task which is the first one for this construction 

machine, the value of this compensation coefficient is set to 1.  
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[0093] 

In this manner, the predicted service life L2 is calculated by 

compensating the reference service life H4 (the time instant that 

the blow-by pressure reaches the limit value UCL) which has been 

obtained from the trend graph of the blow-by pressure, according 

to the various coefficients (A2, G2, S2, and P). And the logic 

unit 300 calculates the remaining service life M by subtracting 

the present time instant Ti from this predicted service life L2 

which has been compensated (a step S57).  

[0094] 

And the logic unit 300 acquires the planned operating time period 

W per one month from now for this construction machine, and 

calculates an appointed day N at which the overhaul task is to be 

performed by dividing the remaining service life M by this 

planned operating time period W (a step S59).  

[0095] 

The logic unit 300 then makes a decision as to whether or not an 

appointed day for overhaul has been calculated for all of the 

construction machines which are disposed at this place of work 2 

(a step S60). If some construction machine exists for which this 

calculation has not yet been performed (NO in the step S60), then 

the flow of control returns to the step S41 and the above 

described steps are repeated. However, if an appointed day for 

the overhaul task has been calculated for all of the construction 

machines of the construction machine group which is disposed in 

this place of work 2 (YES in the step S60), then this processing 

terminates.  

[00961 

Fig. 18 is a flow chart showing processing for predicting the 

second service life of a component (a main component), based upon 

the cumulative load amount upon that component. This processing 

is executed by the logic unit 300 of the machine management 

device server 11.  

[0097] 

35



PKMO50156 

The logic unit 300 decides whether or not the construction 

machine which is the subject of prediction is one to which a 

machine management device 100 is mounted (a step S71). If the 

construction machine which is the subject of prediction is one to 

which a machine management device 100 is mounted (YES in the step 

S71), then, based upon the operational data Tll, the logic unit 

300 calculates (a step S72) an average fuel consumption amount 

qal up to the present time point Ti and a fuel consumption amount 

qa200 during the most recent 200 hours (the period from the 

present time point Ti to 200 hours before).  

[0093] 

And the logic unit 300 calculates the load coefficient Gi based 

upon the load data T12 (a step S73), calculates the maintenance 

coefficient S1 based upon the oil analysis result and the fault 

history management data T13 (a step S74), and acquires the 

prediction logic unit compensation coefficient P (a step S75).  

[0099] 

Next, the logic unit 300 obtains a remaining load amount 

(FO - qal x Tl) by subtracting the grand total (qal x Tl) of the 

fuel consumption amount up to the present (Ti) from the design 

lifetime load amount FO, and calculates the predicted service 

life Li (a step S76) by dividing this remaining load amount by 

each of the coefficients (qa200, G1, Sl, and P) and adding the 

present time point Ti thereto 

((FO - qal x Ti)/qa200/Gl/S1/P + TI). The reference service life 

which is predicted from the grand total value of the fuel 

consumption amount is compensated by the various coefficients 

described above. And the logic unit 300 calculates the remaining 

service life M by subtracting the present time instant Ti from 

this predicted service life Li which has been compensated (a step 

S77). Here, the design lifetime load amount FO is a value which 

can be determined from the results of various types of 

performance test and endurance test during the design of this 

component, and indicates the total amount of fuel which it is 
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estimated will be consumed within the period over which this 

component is capable of operating.  

[0100] 

By contrast, if the construction machine which is the subject of 

prediction is one to which no such machine management device 100 

is mounted (NO in the step S71), then the logic unit 300 

calculates (a step S78) the average fuel consumption amount qal 

and the fuel consumption amount qa200 during the most recent 200 

hours), based upon the details described in the periodic 

servicing register T15 and the actual result values obtained by 

the user. Furthermore, the logic unit 300 acquires the load 

coefficient G2 from the table T12C based upon the present 

operational state (a step S79), and calculates the maintenance 

coefficient S2 based upon the oil analysis results and the state 

of periodic servicing (a step S80). Moreover, the logic unit 300 

acquires the prediction logic unit compensation coefficient P 

from the map T33 (a step S81), and calculates the predicted 

service life L2 (a step S82).  

[0101) 

And the logic unit 300 obtains the reference service life 

(FO - qal x Tl) by subtracting the grand total (qal x Tl) of the 

fuel consumption amount from the design lifetime load amount FO, 

and calculates the predicted service life L2 by dividing this 

reference service life by each of the coefficients (qa200, G2, 

Si, and P) and adding the present time point T1 thereto 

((FO - qal x T1)/qa200/Gl/S1/P + T1). And the logic unit 300 

calculates the remaining service life M by subtracting the 

present time instant T1 from this predicted service life L2 which 

has been predicted (a step S83).  

[0102] 

Then the logic unit 300 acquires the planned operating time 

period W per one month from now for this construction machine (a 

step S84), and calculates an appointed day N at which the 

overhaul task is to be performed by dividing the remaining 
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service life M by this planned operating time period W (a step 

S85). And, if the logic unit 300 has calculated an appointed day 

for the overhaul task for all of the construction machines of the 

construction machine group which is disposed in this place of 

work 2 (YES in the step S86), then this processing terminates.  

[0103] 

Fig. 19 is a flow chart showing processing for creating an 

overhaul plan. This processing is executed, for example, by the 

logic unit 300 of the machine management device server 11. The 

logic unit 300 acquires the first service life which has been 

calculated by the first service life prediction unit 311 (a step 

S91), and acquires the second service life which has been 

calculated by the second service life prediction unit 312 (a step 

S92).  

[0104] 

Next, the logic unit 300 decides whether or not an appointed day 

for an overhaul task exists within a predetermined time interval 

(for example, six months) from now (a step S93). If not even one 

construction machine exists for which it is necessary to perform 

an overhaul task within the predetermined time interval from now 

(NO in the step S93), then this processing terminates, since it 

is not necessary to draw up an implementation plan.  

[0105] 

If at least one construction machine exists for which an overhaul 

task has been appointed within the predetermined time interval 

from now (YES in the step S93), then the logic unit 300 creates 

the overhaul schedule table Dl (a step S94). Moreover, the logic 

unit 300 creates the list T22 of components which are required 

for this overhaul task (a step S95), and confirms the stock and 

the delivery times of the necessary components by referring to 

the stock list T21 (a step S96).  

[0106] 

Next, the logic unit 300 makes a decision as to whether or not 

the number of overhaul tasks per one month registered in the 
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overhaul schedule table Dl exceeds the task capability per month 

of the maintenance workplace 3 (a step S97). If the task 

capability of the maintenance workplace 3 is not exceeded (YES in 

the step S97), then the logic unit 300 makes a decision as to 

whether or not the required components for these overhaul tasks 

will be delivered to the maintenance workplace 3 before the times 

that the overhaul tasks are due to be started (a step S98). If 

the delivery times of the required components will be in time 

(YES in the step S98), then the logic unit 300 creates an 

implementation plan document D2 and an estimate D3 for the 

overhaul tasks, based upon the overhaul schedule table Dl (a step 

S99).  

[0107] 

When input is received to the effect that approval from the user 

for the implantation plan document D2 and the estimate D3 has 

been received (YES in the step S100), then the logic unit 300 

commands for the required components to be procured (a step 

S101). It should be understood that the steps S99, S100, and S101 

may be implemented as a collaborative task shared between the 

logic unit 300 and a human being.  

[0108] 

By contrast, if the number of overhaul tasks exceeds the task 

capability of the maintenance workplace 3 (NO in the step S97), 

or if the delivery times for the required components will not be 

in time for the time point that an overhaul task starts (NO in 

the step S98), then it is not possible to implement the overhaul 

tasks according to the schedule which is described in the 

overhaul schedule table Dl.  

[0109] 

Thus, the logic unit 300 tries to correct the overhaul schedule 

table Dl. In other words, the logic unit 300 changes the 

operational conditions such as the load state or the operating 

time period (a step S102), and changes the values of at least one 

of the predetermined coefficients among the various coefficients 
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which are used in the service life predictions, according to 

these changes of operational conditions (a step S103). As 

possibilities for the predetermined coefficient, qa200, G1, and 

G2 may be cited. As far as Si and S2 go, their initial values are 

used without modification.  

[0110] 

The logic unit 300 recalculates the predicted service lives Li 

and L2 using the changed coefficient(s) (a step S104), and 

corrects the calculation of the remaining service life M (a step 

S105). And it calculates the appointed day for overhaul by 

dividing the remaining service life M by the planned operating 

time period W (a step S106), and then the flow of control is 

returned to the step S93. In this manner, the logic unit 300 

again simulates the appointed day for overhaul by reducing the 

load upon the specified construction machine, or by shortening 

its operating time period.  

[0111] 

According to this embodiment having the structure described 

above, the following advantageous effects are obtained. In this 

embodiment, it is arranged not only to perform the prediction of 

service life based upon the cumulative load amount, but to 

predict the service life from other aspects based upon the state 

of wear which has actually appeared and so on, and to employ 

whichever of the various predicted service lives is the shortest.  

Accordingly, it is possible to predict service life in 

consideration of concrete individual causes such as the working 

environment and so on, and it is also possible to respond to 

abrupt decrease of service life and the like, and to enhance the 

reliability of the predictions of service life.  

[0112] 

As a result of the enhancement of prediction accuracy of the 

service life, it is possible to suggest an overhaul 

implementation plan at an early stage, so that it is possible to 

perform the procurement of the necessary components and so on 
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smoothly. Accordingly, it is possible to suppress the possibility 

of decrease of productivity of the user due to increase of the 

period in which a construction machine remains inactive.  

[0113] 

Since, in this embodiment, the overhaul schedule table D1 is 

corrected in consideration of the task capability of the 

maintenance workplace 3 and the delivery times for the required 

components, accordingly it is possible to create an appropriate 

overhaul implementation plan and to suggest it to the user, and 

moreover it becomes possible to employ the capability of the 

maintenance workplace 3 without any useless waste of resources.  

[0114] 

In this embodiment, it is arranged for the prediction logic unit 

compensation coefficient P to be entered into the calculation 

equation for service life prediction, and for the actual test 

results to be fed back to the logic unit for service life 

prediction with the coefficient P. Accordingly, the more often an 

overhaul tasks is performed, the more is the prediction accuracy 

of service life enhanced, for the same type of construction 

machine which is operating in the same workplace.  

[0115] 

In this embodiment, when predicting the service life based upon 

the cumulative load amount, it is arranged to perform 

compensation according to the load amount (qa200) for the most 

recent predetermined time period. Accordingly even in a case such 

as when, for example, due to the circumstances of the user or the 

like, the operating conditions of the construction machine change 

frequently, it is possible to reflect the most recent environment 

of use of the construction machine in the results of service life 

prediction, and it is possible to improve the accuracy of 

prediction based upon the cumulative load amount.  

[0116] 

In this embodiment, it is arranged to use the same calculation 

equation for service life prediction, both for the construction 
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machine 21 to which the machine management device 100 is mounted, 

and for the construction machine 22 to which no such device is 

mounted, so that only the source for acquisition of the 

coefficient to be used needs to be changed. Accordingly it is 

possible to simplify the structure of the logic unit 300, and, 

irrespective of the presence or absence of any machine management 

device 100 which may be mounted, it is possible to predict a 

service life for, and to draw up an overhaul implementation plan 

for, each and every one of the construction machines which 

operate in the place of work 2. Due to this, it becomes possible 

to apply the present invention even to a place of work 2 in which 

old type construction machines and new type construction machines 

are mixed together, and moreover it is possible to create an 

overhaul implementation plane, even if one of the machine 

management devices 100 has been removed from a new type 

construction machine, or if a fault has occurred in one of the 

machine management devices 100.  

[01171 

It should be understood that the present invention is not to be 

considered as being limited by the embodiments described above. A 

person skilled in the relevant art will be able to make various 

additions or changes or the like within the range of the present 

invention. For example, a person skilled in the art will be able 

to combine the above embodiments in appropriate combinations..  

42



The claims defining the invention are as follows: 

1. A working machine maintenance work management system 

which manages, between a plurality of working machines, 

maintenance tasks for exchanging components installed to 

the working machines, comprising: 

a first service life prediction unit which predicts first 

service lives of said components, based upon changes of first 

parameters in which wear states of said components are 

reflected; 

a second service life prediction unit which predicts second 

service lives of said components, based upon second 

parameters in which cumulative load amounts of said 

components are reflected, and lifetime cumulative load 

amounts which are set in advance; and 

an order setting unit which selects, as service lives of 

said components, the ones which are the shorter among said 

first predicted service lives and said second predicted 

service lives, and which sets an order for the maintenance 

tasks between said plurality of working machines so that 

maintenance is performed upon each of said components which 

said plurality of working machines possess, in order from 

that working machine which has the one of said components 

whose life is the shortest among said selected lives.  

2. The working machine maintenance work management system 

according to Claim 1, further comprising a maintenance 

schedule generation unit which generates a maintenance 

schedule for said plurality of working machines, based upon 

said order which has been set.  

3. The working machine maintenance work management system 
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according to Claim 2, further comprising a correction unit 

which corrects said maintenance schedule by acquiring, from 

a data management unit, states of components required for 

maintenance tasks for said plurality of working machines, 

a state of a workforce, and a state of times required for 

tasks.  

4. The working machine maintenance work management system 

according to Claim 2, further comprising a plan creation 

unit which, if it is decided based upon states of components 

required for maintenance tasks for saidplurality of working 

machines, upon a state of a workforce, and upon a state of 

time periods for tasks, stored in a data management unit, 

that there is no stock of some component required for some 

maintenance task: changes operational conditions of said 

working machine which requires said component to operational 

conditions in which the load thereupon becomes lighter; 

reviews its first service life and its second service life 

based upon these changed operational conditions; and creates 

a task plan for the maintenance tasks, based upon said first 

service life and said second service life which have been 

reviewed.  

5. The workingmachinemaintenanceworkmanagement system 

according to Claim 1, wherein: 

said first service life prediction unit predicts said first 

service life by compensating a first basic service life which 

has been obtained from said first parameter, according to 

a compensation coefficient which is obtained based upon test 

data for a previous old component which is exchanged with 

said component; and 

said secondservice lifepredictionunit predicts saidsecond 
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service life by compensating a second basic service life 

which has been obtained from said second parameter according 

to said compensation coefficient.  

6. The working machine maintenance work management system 

according to Claim 1, wherein: 

(1) said first service life prediction unit: 

(1-1) for a working machine, among said plurality of working 

machines, which is equipped with a state detection device 

which detects a state of said working machine, predicts said 

first service life by acquiring said first parameter from 

data transmitted from said state detection device; and 

(1-2) for a working machine, among said plurality of working 

machines, which is not equipped with such a state detection 

device, predicts said first service life by acquiring said 

first parameter from servicing history data which has been 

accumulated by a data management unit; 

and (2) said second service life prediction unit: 

(2-1) for a working machine which is equipped with such a 

state detection device, predicts said second service life 

by acquiring said second parameter from data transmitted 

from said state detection device; and 

(2-2) for a working machine which is not equipped with such 

a state detection device, predicts said second service life 

by acquiring said second parameter from said servicing 

history data.  

7. A working machine maintenance work management system 

for managing maintenance tasks for exchanging components 

of a plurality of working machines, characterized by 

comprising: 

a management center which is capable of communicating via 
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a communication network with each of saidplurality of working 

machines, directly or indirectly; 

a computer terminal for maintenance, which is provided in 

a maintenance facility for performing maintenance tasks for 

each of said plurality of working machines, and which is 

connected to said management center via said communication 

network so as to be capable of communicating therewith; 

a computer terminal for analysis, which is provided in an 

analysis facility for performing analysis of a state of each 

of said plurality of working machines, and which is connected 

to said management center via said communication network 

so as to be capable of communicating therewith; and 

a state detection device which detects the state of at least 

one working machine among said plurality of working machines, 

and transmits said state to said management center; 

and wherein said management center comprises: 

a first data management unit for acquiring and storing data 

related to the states of each of said plurality of working 

machines from said computer terminal for maintenance, said 

computer terminal for analysis, and said state detection 

device; 

a second data management unit for storing states of components 

required for the maintenance tasks for said plurality of 

working machines, a state of a workforce, and a state of 

time periods for tasks; 

a first service life prediction unit which predicts first 

service lives of saidcomponents, basedupon firstparameters 

in which wear states of said components are reflected; 

a second service life prediction unit which predicts second 

service lives of said components, based upon second 

parameters in which cumulative load amounts of said 

components are reflected; 

2245643_2 46



an order setting unit which selects, as service lives of 

said components, the ones which are the shorter among said 

first predicted service lives and said second predicted 

service lives, and which sets an order for the maintenance 

tasks between said plurality of working machines so that 

maintenance is performed upon each of said components which 

said plurality of working machines possess, in order from 

that working machine which has the one of said components 

whose life is the shortest among said selected lives; 

a maintenance schedule generation unit which generates a 

maintenance schedule for said components, based upon said 

order which has been set; 

and a correction unit which corrects said maintenance 

schedulebyacquiring, fromsaidseconddatamanagementunit, 

the states of said components required for said maintenance 

tasks, the state of the workforce, and the state of times 

required for the tasks; 

and wherein: 

saidfirstservicelifepredictionunit, foraworkingmachine 

among said plurality of working machines which is equipped 

withsaidstate detectiondevice, predicts said first service 

life by acquiring said first parameter from data transmitted 

from said state detection device; and, for a working machine 

among saidplurality of workingmachines which is not equipped 

with said state detection device, predicts said first service 

life by acquiring said first parameter from servicing history 

data which has been accumulated by said first data management 

unit; 

and said second service life prediction unit, for a working 

machine which is equipped with said state detection device, 

predicts said second service life by acquiring said second 

parameter from data transmitted from said state detection 
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device; and, for a working machine which is not equipped 

with said state detection device, predicts said second 

service life by acquiring said second parameter from said 

servicing history data.  

8. A working machine maintenance work management system 

which manages, between a plurality of working machines, 

maintenance tasks for exchanging components installed to 

the working machines, comprising: 

a first service life prediction unit which predicts first 

service lives of said components, based upon changes of first 

parameters in which wear states of said components are 

reflected; and 

a second service life prediction unit which predicts second 

service lives of said components, based upon second 

parameters in which cumulative load amounts of said 

components are reflected, and lifetime cumulative load 

amounts which are set in advance; 

and wherein, among said first predicted service lives and 

said second predicted service lives, the shorter ones are 

selected as lives of said components.  

9. A working machine maintenance work management system 

which manages, between a plurality of working machines, 

maintenance tasks for exchanging components installed to 

the working machines, the system being substantially as 

hereinbefore described with reference to any one of the 

embodiments as that embodiment is shown in the accompanying 

drawings.  
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