US 20050262838A1

(43) Pub. Date:

a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2005/0262838 Al
Dec. 1, 2005

Kageyama et al.

(549) HYDRAULIC MACHINE, SYSTEM FOR
MONITORING HEALTH OF HYDRAULIC

MACHINE, AND METHOD THEREOF

Inventors: Masato Kageyama, Tochigi (JP);
Yukio Shoji, Tochigi (JP); Nobumi

Yoshida, Tochigi (JP)

(76)

Correspondence Address:

WESTERMAN, HATTORI, DANIELS &

ADRIAN, LLP
1250 CONNECTICUT AVENUE, NW

SUITE 700
WASHINGTON, DC 20036 (US)

(21) Appl. No.: 11/130,408

(22) Filed: May 17, 2005

Foreign Application Priority Data
2004-152047

(30)
May 21, 2004

(P)

10

HYDRAULIC
MACHINE

Publication Classification
F16D 31/02

(51) Int.Cl7
(52) US.ClL oo 60/453

(7) ABSTRACT

In a hydraulic machine, hydraulic pump failure is detected
and the pump lifespan is estimated before the pump failure
occurs. The discharge pressure 122, oil temperature 126, and
drain filter differential pressure 120 are measured, a correla-
tive relationship 128 between the filter differential pressure
and the discharge pressure is determined, and a representa-
tive filter differential pressure 130 is calculated from this
correlative relationship. Using an oil temperature-differen-
tial pressure correlation function, the representative differ-
ential pressure value 130 is corrected so that the variable
component 132 caused by the oil temperature 126 is elimi-
nated therefrom. The long-term trend and the short-term
trend of the increase over time of the corrected differential
pressure is calculated. A pump failure is predicted or the
pump lifespan is estimated based on the degree of deviation
between the long-term trend and the short-term trend.
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FIG. 1
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HYDRAULIC MACHINE, SYSTEM FOR
MONITORING HEALTH OF HYDRAULIC
MACHINE, AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relates to and claims priority from
Japanese Patent Application No. 2004-152047, filed on May
21, 2004, the entire disclosure of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention generally relates to a hydrau-
lic machine, and more particularly relates to a hydraulic
pump health monitoring system and method thereof for a
hydraulic machine.

[0004] 2. Description of the Related Art

[0005] Abnormality detection devices for liquid pumps
such as hydraulic pumps have been made known in Japanese
Patent Application Laid-open No. S$59-194215, Japanese
Patent Application Laid-open No. H7-280688, Japanese
Patent Application Laid-open No. 2000-241306, and Japa-
nese Patent Application Laid-open No. H8-114183 for
instance.

[0006] The hydraulic system failure detection device dis-
closed in Japanese Patent Application Laid-open No. S59-
194215 detects factors (such as oil pressure and operating oil
temperature or the like) which reduce the life of hydraulic
system component units, determines a current momentary
degree of reduction of life span based on the measured oil
pressure and operating oil temperature, and determines the
reduction in life span by a cumulating these degrees of
reduction. Furthermore, this device has a warning mecha-
nism which functions after a failure has occurred.

[0007] The device for determining wear of a pump shown
in Japanese Patent Application Laid-open No. H7-280688
measures the flow in the case drain and the change in flow,
and determines that a failure has occurred when a fixed
threshold value is exceeded.

[0008] The pump failure diagnostic device disclosed in
Japanese Patent Application Laid-open No. 2000-241306
has a metal sensor in a drain path and a flow sensor in a
discharge path or drain path, and the measured value from
one of the sensors is used as a parameter for correcting the
detection value of the other sensor. For instance, when the
flow rate measured by the flow sensor drops, and a deter-
mination is made that pump failure is progressing, a cor-
rection is made by applying a larger factor to the metal
sensor measurement value, and thereby abnormalities can be
more easily detected from the metal sensor measurement
value. During normal operation, a separate failure diagnostic
mode is provided, and in this failure diagnostic mode, a
failure diagnosis is performed using the measurement value
from the metal sensor while the pump output variable factors
such as angle of inclination, engine speed, and pump load
are fixed.

[0009] The pump lubrication system warning device
shown in Japanese Patent Application Laid-open No.
HS8-114183 measures the flow rate of lubricating water
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which flows through the strainer of the pump lubricating
system and the differential pressure across the strainer, and
if the actual measured value of the differential pressure is
greater than the predicted value predicted from the lubricat-
ing water flow rate, the strainer will be determined to be
plugged and a warning will be issued.

SUMMARY OF THE INVENTION

[0010] Predicting the wear of components by recording
the history of life reducing factors such as temperature and
referring to previous test results, as shown in Japanese
Patent Application Laid-open No. S59-194215, is widely
used. However, there is a large variation in the wear of
components even though the history of the life reducing
factors is identical. Therefore, methods based on the history
of life reducing factors may be able to adjust the total time
period, but cannot accurately predict the occurrence of pump
failure and cannot predictively prevent such damage.

[0011] Therefore, methods which more directly measure
pump damage predictors have been proposed. For instance,
the device shown in Japanese Patent Application Laid-open
No. H7-280688 measures the case drain flow rate and the
change in flow rate to determine failure. Furthermore, the
device of Japanese Patent Application Laid-open No. 2000-
241306 measures a level of metallic powder which passes
through a drain using a metallic sensor provided on the drain
path to determine failure. These methods can more accu-
rately detect predictors of pump failure than methods which
measure indirect factors such as temperature and operating
oil temperature as they are based on a more direct phenom-
enon for predicting pump failure. However, during operation
of a hydraulic machine, the operating conditions of the pump
such as pump discharge flow rate, discharge pressure, and
operating oil temperature will vary and therefore the output
of the aforementioned sensors will vary along with the
variation in these operating conditions. Therefore, when
performing abnormality detection during the operation of a
hydraulic machine, there is a need to include a large varia-
tion range in the threshold value for determining abnormali-
ties using the sensor output. As a result, the reliability of the
abnormality detection will be poor, so positive predictive
notification of pump damage and functions which can pre-
dictively prevent this damage cannot be anticipated.

[0012] Furthermore, with the device of Japanese Patent
Application Laid-open No. 2000-241306, a failure diagnos-
tic mode is provided which fixes operating conditions such
as pump discharge flow rate and discharge pressure to a
steady level in order to make an accurate detection. How-
ever, periodically stopping operation of the hydraulic
machine and performing a failure diagnosis is a major
burden for the supervisor of a hydraulic machine, and is not
desirable. Furthermore, hydraulic machines for work such as
construction equipment like hydraulic shovels are machines
which are primarily used for work at mines or construction
sites, so stopping operation means stopping the mining or
construction work, and causes serious economic impact.

[0013] Furthermore, the device disclosed in Japanese
Patent Application Laid-open No. H8-114183 does not pre-
dict pump damage but rather detects strainer abnormalities,
and abnormalities are detected by comparing the differential
pressure across the strainer to a threshold value. However,
with hydraulic pumps, the oil viscosity changes with oil
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temperature, so abnormalities cannot easily be detected
accurately from differential pressure only.

[0014] An object of the present invention is to be able to
detect pump failure predictors in order to predictively pre-
vent pump failure.

[0015] A further object of the present invention is to be
able to predictively detect pump failure even though the
pump discharge flow rate and discharge pressure vary during
operation of the hydraulic pump without stopping operation
of the hydraulic machine for diagnosis.

[0016] A further object of the present invention is to be
able to predictively detect pump failure even though the
temperature of the operating oil varies.

[0017] A further object of the present invention is to be
able to predict the timing of pump failure with greater
reliability in order to predictively prevent pump failure.

[0018] One aspect of the present invention is a hydraulic
machine, comprising: a hydraulic loading device; a hydrau-
lic pump which discharges pressurized operating oil and
supplies the operating oil to the hydraulic loading device; a
drain filter which captures contaminants included in the
operating oil which flows into the drain of the hydraulic
pump; a differential pressure sensor which measures the
filter differential pressure across the drain filter; an operating
status sensor which measures a specified operating status of
the hydraulic pump; a data collector which collects time
series data of the filter differential pressure and time series
data of the operating status from the differential pressure
sensor and the operating status sensor; and a representative
differential pressure determining unit, which determines a
representative differential pressure value which is the rep-
resentative value of the filter differential pressure under the
operating status which meets specified fixed conditions
based on the time series data of the operating status and the
time series data of the filter differential pressure collected by
the data collector, and which output the determined repre-
sentative differential pressure value.

[0019] With this hydraulic machine, representative differ-
ential pressure is output under an operating status which
meets fixed conditions so by using this representative dif-
ferential pressure, pump failure predictors can be detected
even though operating conditions such as the pump dis-
charge flow rate or discharge pressure vary during operation
of the hydraulic pump. There is also no need to interrupt the
work of the hydraulic machine for diagnosis.

[0020] With this hydraulic machine, a diagnostic unit can
also be provided to diagnose the hydraulic pump health
based on the representative differential pressure value output
by the representative differential pressure determining unit.

[0021] In a preferred embodiment, the operating status
sensor measures the pressure or flow rate of the pressurized
operating oil which is provided to the hydraulic loading
device from the hydraulic pump.

[0022] Furthermore, in a preferred embodiment, the rep-
resentative differential pressure determining unit determines
a correlative relationship between the operating status and
the filter differential pressure based on the time series data
of the operating status and the time series data of the filter
differential pressure, determine the filter differential pressure
correlation value which corresponds to a specified represen-
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tative operating status value which meets set fixed condi-
tions based on the determined correlative relationship, and
utilizes this determined correlation value as the representa-
tive differential pressure value.

[0023] Furthermore, as an alternate, it is also acceptable
for the representative differential pressure determining unit
to extract data from the time series data of the filter differ-
ential pressure under an operating status which meets fixed
conditions, determine the mean or median of the extracted
filter differential pressure data, and use the determined mean
or median values as the representative differential pressure
value.

[0024] In a preferred embodiment, the hydraulic pump is
a variable capacity pump, and a capacity information output
unit which outputs capacity information which correlates to
the hydraulic pump capacity is also provided. Furthermore,
the representative differential pressure determining unit
acquires the time series data of the filter differential pressure
and the time series data of the operating status output when
the capacity of the hydraulic pump meets specified fixed
conditions, and determines the representative differential
pressure value based on the acquired time series data of the
operating status and the aquired time series data of the filter
differential pressure. Therefore, even if the pump capacity
varies, the effect will not be large, and the health of the pump
can be diagnosed based on the representative differential
pressure.

[0025] In a preferred embodiment, a temperature sensor
which measures the temperature of the operating oil is also
provided. Furthermore, the data collector also collects time
series data of the oil temperature from the temperature
sensor, and the representative differential pressure determin-
ing unit uses the time series data of the oil temperature to
correct the representative differential pressure value so that
the temperature induced variable component included
therein is reduced, and output this corrected representative
differential pressure value. Therefore, a big effect will not be
received even if the temperature changes, and therefore the
pump health can be diagnosed based on the representative
differential pressure.

[0026] The system according to another aspect of the
present invention is a hydraulic pump health monitoring
system for a hydraulic machine, comprising a hydraulic
pump, a drain filter which captures contaminants included in
operating oil which flows to a drain of the hydraulic pump,
a differential pressure sensor which measures a filter differ-
ential pressure across the drain filter, and an operating status
sensor which measures a specified operating status of the
hydraulic pump. This system comprises a data collector
which collects time series data of the filter differential
pressure and time series data of the operating status from the
differential pressure sensor and the operating status sensor;
and a representative differential pressure determining unit
which determines a representative differential pressure value
which is a representative value of the filter differential
pressure under the operating status which meets specified
fixed conditions based on the time series data of the oper-
ating condition and the time series data of the filter differ-
ential pressure collected from the data collector.

[0027] In a preferred embodiment, the system also com-
prises a diagnostic unit which diagnoses the health of the
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hydraulic pump based on a representative differential pres-
sure value determined by the representative differential
pressure determining unit.

[0028] In a preferred embodiment, the diagnostic unit
collects time series data of the representative differential
pressure value from the representative differential pressure
determining unit, determines a correlative relationship
between the time lapse and an increase of the representative
differential pressure based on the collected time series data
of the representative differential pressure value, and has a
lifespan estimator which estimates the life of the hydraulic
pump based on the determined correlative relationship.
Therefore, the timing that the pump will fail can be predicted
with greater reliability.

[0029] In a preferred embodiment, the diagnostic unit
collects the time series data of the representative differential
pressure value from the representative differential pressure
determining unit, determines a correlative relationship over
a specified long time period between time lapse and the
representative differential pressure based on the collected
time series data of the representative differential pressure
value, determines a degree of deviation between the deter-
mined correlative relationship over the long time period and
the representative differential pressure data over a specified
recent short time period, and has an abnormality judging unit
which judges the existence of an abnormality with the
hydraulic pump based on the determined degree of devia-
tion.

[0030] According to another aspect of the present inven-
tion, a hydraulic pump health monitoring method for a
hydraulic pump which discharges pressurized operating oil
and supplies the operating oil to a hydraulic loading device,
comprises the steps of: collecting time series data of a filter
differential pressure across a drain filter of the hydraulic
pump; collecting time series data of a specified operating
status for the hydraulic pump; determining a representative
differential pressure value which is a representative value of
the filter differential pressure under the operating status
which meets specified fixed conditions based on the col-
lected time series data of the operating status and the
collected time series data of the filter differential pressure;
and diagnosing the hydraulic pump health based on the
determined representative differential pressure value.

[0031] The system according to another aspect of the
present invention is a hydraulic pump health monitoring
system for a hydraulic machine, comprising a hydraulic
pump, a drain filter for capturing contaminants included in
operating oil which flows to the drain of the hydraulic pump,
a differential pressure sensor which measures a filter differ-
ential pressure across the drain filter, and an operating status
sensor which measures a specified operating status of the
hydraulic pump, comprising: a local controller connected to
the hydraulic machine; and a central server which is placed
in a location separated from the hydraulic machine and
which can communicate with the local controller. Further-
more, the local controller of the hydraulic machine com-
prises: a data collector which collects time series data of the
filter differential pressure and time series data of the opera-
tion status from the differential pressure sensor and the
operating status sensor of the hydraulic machine; a repre-
sentative differential pressure determining unit which deter-
mines a representative differential pressure value which is
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the representative filter differential pressure value under an
operating status which meets specified fixed conditions
based on the time series data of the operating status and the
time series data of the filter differential pressure collected by
the data collector; and a transmission unit which transmits to
the server the representative differential pressure value
determined by the representative differential pressure deter-
mining unit. Furthermore, the central server comprises: a
receiving unit which receives the representative differential
pressure value from the local controller; and a diagnostic
unit which diagnoses the health of the hydraulic machine
based on the received representative differential pressure
value.

[0032] The system according to another aspect of the
present invention is the hydraulic pump health monitoring
system for a hydraulic machine, comprising a hydraulic
pump, a drain filter which captures contaminants included in
operating oil which flows to a drain of the hydraulic pump,
a differential pressure sensor which measures a filter differ-
ential pressure across the drain filter, and a temperature
sensor which measures the temperature of the operating oil,
comprising: a data collector which collects time series data
of the filter differential pressure and time series data of the
oil temperature from the differential pressure sensor and the
temperature sensor; a correcting unit which uses the time
series data of the oil temperature collected by the data
collector and corrects the time series data of the filter
differential pressure to reduce the temperature induced vari-
able component therein; and a diagnostic unit which diag-
noses the health of the hydraulic pump based on the time
series data of the filter differential pressure corrected by the
correcting unit. With this system, even if the temperature
changes, the health of the pump can be diagnosed based on
representative differential pressure without being strongly
impacted.

[0033] The system according to another aspect of the
present invention is the hydraulic pump health monitoring
system for a hydraulic machine, comprising a hydraulic
pump, a drain filter which captures contaminants included in
operating oil which flows to a drain of the hydraulic pump,
and a differential pressure sensor which measures a filter
differential pressure across the drain filter, comprising: a
data collector which collects time series data of the filter
differential pressure from the differential pressure sensor; a
correlative relationship determining unit which determines a
correlative relationship between the time lapse and an
increase of the filter differential pressure based on the time
series data of the filter differential pressure collected by the
data collector; and a lifespan estimator which estimates the
lifespan of the hydraulic pump based on the correlative
relationship determined by the correlative relationship deter-
mining unit. With this system, the timing that a pump fails
can be predicted with high reliability so the pump failure can
be predictively prevented.

[0034] The system according to another aspect of the
present invention is the hydraulic pump health monitoring
system for a hydraulic machine, comprising a hydraulic
pump, a drain filter which captures contaminants included in
operating oil which flows to a drain of the hydraulic pump,
and a differential pressure sensor which measures a filter
differential pressure across the drain filter, comprising: a
data collector which collects time series data of the filter
differential pressure from the differential pressure sensor; a
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correlative relationship determining unit which determines a
correlative relationship between the lapse time over a speci-
fied long period of time and the filter differential pressure
based on the time series data of the filter differential pressure
collected by the data collector; and a judging unit which
determines a degree of deviation between the long-term
correlative relationship determined by the correlative rela-
tionship determining unit and the filter differential pressure
data over a specified recent short period of time, and
estimate the lifespan or judge the existence of hydraulic
pump abnormalities based on the determined degree of
deviation. With this system, pump failure predictors can be
detected beforehand or the timing that the pump will fail can
be predicted, with a high level of reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a block line diagram showing the overall
structure of a preferred embodiment of the hydraulic
machine and hydraulic pump health monitoring system of
the present invention;

[0036] FIG. 2 is a cross-section diagram showing an
example of a drain filter 26 structure which uses this
preferred embodiment;

[0037] FIG. 3 is a block line diagram showing the struc-
ture and function of a PHMS controller 18;

[0038] FIG. 4 is a block line diagram showing the struc-
ture and function of a PHMS server 60;

[0039] FIG. 5 is a diagram which describes in detail the
contents of processing performed by the PHMS controller
18; and

[0040] FIG. 6 is a diagram which describes in detail the
contents of processing performed by the PHMS server 60.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] FIG. 1 shows the overall structure of an embodi-
ment of the hydraulic machine and hydraulic pump health
monitoring system of the present invention.

[0042] As shown in FIG. 1, a hydraulic machine 10 such
as construction equipment has various hydraulic loading
devices 12 (such as actuators like hydraulic motors and
cylinders) which operate by hydraulic pressure, a hydraulic
pump 14 for supplying pressurized operating oil to these
hydraulic loading devices 12, and an operating controller 16
which issues commands for operating and controlling these
hydraulic loading devices 12 and hydraulic pump 14. The
hydraulic pump 14 may be either a fixed capacity type or a
variable capacity type. However, in this embodiment the
hydraulic pump is a swash plate pump which is a type of
variable capacity pump. Capacity instructions 40 controlling
the capacity of the hydraulic pump to a desired target value
are given to the hydraulic pump 14 from the operating
controller 16 as an instruction for operation and control.
With this embodiment, these capacity instructions are swash
plate angle commands for controlling the swash plate angle
of the swash plate pump 14 to the desired target angle.

[0043] Furthermore, the hydraulic machine 10 has a local
controller 18 for collecting and processing hydraulic pump
14 status data. This local controller 18 is able to communi-
cate with a central server 60 located, for instance, at a distant
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location via a wireless mobile communication web 50 which
uses a communication satellite 50. Local controller 18
collects the status data of the hydraulic pump 14 and
periodically transmits (for instance in 20 hour increments)
processed result data to the central server 60. Central server
60 accumulates the data received from the local controller
18 and diagnoses the health (such as the presence of failure
predictors, estimated lifespan, or the like) of the hydraulic
pump 14 in the remote hydraulic machine 10. The local
controller 18 and the central server 60 together make up the
hydraulic pump 14 health monitoring system 70. Hereinaf-
ter, this system 70 is abbreviated as “PHMS (Pump Health
Monitoring System)”, and the local controller 18 and the
central server 60 are referred to as the “PHMS controller”
and the “PHMS server” respectively.

[0044] As shown in FIG. 1, a plurality of hydraulic
machines 10, 10, . . . exists in different locations, but each
of the plurality of hydraulic machines 10, 10, . . . can contain
an aforementioned PHMS controller 18. The PHMS server
60 is able to communicate with each of the PHMS control-
lers 18 in the plurality of hydraulic machines 10, 10, . . .,
and can diagnose the health of each of the hydraulic pumps
14 in the plurality of hydraulic machines 10, 10, . . . . The
PHMS server 60 is able to communicate with terminal
computers (Hereinafter referred to as “user’s terminal”) 64,
64, . . . used by the users of the hydraulic machines 10, 10,
... via a communication web between computers 62 such as
the Internet. The PHMS server 60 is able to always provide
in real-time to the user’s terminal 64 the health diagnostic
results (such as warning data that hydraulic pump 14 failure
predictors have appeared or lifespan data showing the esti-
mated lifespan, or the like) of the hydraulic pump 14 in the
hydraulic machine 10 of the user. Therefore, each user can
know the health diagnostic results of the hydraulic pump 14
of the hydraulic machine 10 even when at the office or home,
no matter the location of the hydraulic machine 10 being
supervised. Note, PHMS 70 can collect to the PHMS server
60 and provide in real-time to the user’s terminal 64 not just
the health diagnostic results of the hydraulic pump 18, but
also various other conditions of the hydraulic machine 10
(such as current location, cumulative operating hours (ser-
vice meter record value), engine temperature, remaining
fuel, battery status, or the like), but a description of this point
is omitted from this document.

[0045] In each of the hydraulic machines 10, a pressure
sensor 22 for measuring the hydraulic pressure of the
hydraulic operating oil is provided in the pressurized oper-
ating oil line 20 for supplying pressurized operating oil that
is discharged from the hydraulic pump 14 to the hydraulic
loading device 12. In the present invention, an object of
measuring the hydraulic pressure of the pressurized operat-
ing oil by the pressure sensor 22 is to use this measured oil
pressure for correction processing performed by the PHMS
controller 18 in order to eliminate the variable component
(plugging, error component) of the differential pressure
caused by variation in the drain flow rate from the drain filter
differential pressure measured value which is a health
parameter of the hydraulic pump 14, as will be described
later. In this embodiment, the pressure sensor 22 is placed
near the discharge port of the hydraulic pump 14 and
measures the discharge pressure from the hydraulic pump
14. Considering the aforementioned object, it would seem
obvious that measuring the discharge flow rate rather than
the discharge pressure would be preferable. This is because
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the flow rate of the drain is directly affected by the discharge
flow rate. However, measuring the discharge pressure, as in
this embodiment, rather than the discharge flow rate has the
following advantages. First, a pressure sensor 22 which
measures the discharge pressure is normally provided on
hydraulic pumps 14 for reasons other than the present
invention, so the use can be diverted to meet this object of
the present invention. Secondly, pressure sensors are less
expensive than flow rate sensors. Thirdly, according to tests
by the inventors, there is a near linear correlative relation-
ship between the discharge pressure and the drain filter
differential pressure, so the aforementioned correction pro-
cess can easily be accomplished by using the near linear
discharge pressure-filter differential pressure correlative
relationship. Because of these advantages, in this embodi-
ment, the discharge pressure is measured by pressure sensor
22. The discharge pressure measurement value 34 which is
output from the pressure sensor 22 is sent to the PHMS
controller 18. Note, from the aforementioned object, it is not
absolutely necessary that the discharge pressure be mea-
sured, and detecting any operating condition of the hydraulic
pump which has an affect on the flow rate of the operating
oil in the drain is acceptable, so measuring the hydraulic
pressure of locations other than the discharge port (such as
providing a pressure sensor 22 at a specified hydraulic
loading device (such as a hydraulic motor) 12 and measuring
the hydraulic pressure supplied to that hydraulic loading
device 12) is acceptable, and measuring the discharge flow
rate or the drain flow rate is also acceptable.

[0046] The drain 24 of hydraulic pump 14 has a drain filter
26 for capturing by a strainer contaminants included in the
operating oil which flow therethrough. The drain filter 26 is
connected to a differential pressure sensor 28 for measuring
the differential pressure of the operating oil across the drain
filter 26 (before and after the strainer) (Hereinafter referred
to as the “filter differential pressure™). The filter differential
pressure measured value 36 which is output from the dif-
ferential pressure sensor 28 is received by the PHMS
controller 18. The filter differential pressure across the drain
filter 26 can be used as a main barometer for diagnosing the
health of the hydraulic pump 14. This is because a direct
factor of pump failures in hydraulic pumps such as swash
plate pumps is wearing of the shoe, and the metal powder
generated by shoe wear is captured by and accumulates in
the drain filter 26, so the filter differential pressure will
increase along with the progression of shoe wear.

[0047] However, the filter differential pressure is not only
because of captured metal particles, but because of other
factors as well. The main factors include operating oil flow
rate through the drain 24, operating oil temperature, and
hydraulic pump 14 capacity. By removing the variable
components dependent on these factors from the filter dif-
ferential pressure measured value 34, the pressure differen-
tial component dependent on the quantity of captured metal
particles can be extracted. In order to correct by removing
the variable component of the differential pressure depen-
dent on the flow rate through drain 24, the discharge pressure
measured value 34 from the pressure sensor 22 is sent to the
PHMS controller 18 as described above. Furthermore, in
order to correct by removing the variable component of the
differential pressure dependent on the temperature of the
operating oil, a temperature sensor 32 is provided in an oil
tank 30, and the measured temperature value 38 output from
the temperature sensor 32 is sent to the PHMS controller 18.
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Furthermore, in order to correct by removing the differential
pressure variable component dependent on the hydraulic
pump 14 capacity, the swash plate angle command 40
(showing the swash plate angle or capacity of the hydraulic
pump) output from the operating controller 16 is sent to the
PHMS controller 18.

[0048] The PHMS controller 18 receives the discharge
pressure measured value 34, the filter differential pressure
measured value 36, the oil temperature measured value 38,
and the swash plate angle command 40 from the pressure
sensor 22, the differential pressure sensor 28, the tempera-
ture sensor 32, and the operating controller 16, respectively,
and converts and records this input data as digital data. The
operation of inputting and recording these measured values
is intermittently performed at short specified time intervals
at least while the hydraulic pump 14 is operating. Therefore,
PHMS controller 18 will accumulate time series data for the
discharge pressure, filter differential pressure, oil tempera-
ture, and swash plate angle measured over a plurality of
points in time from the past to the present. PHMS controller
18 will use this time series data to calculate by methods to
be discussed later an expected value (essentially the differ-
ential pressure component dependent only on the quantity of
metal particles captured with the variable components
dependents on the above factors removed) for the filter
differential pressure which would likely be obtained if the
aforementioned differential pressure variation factors meet
specified fixed conditions, and this expected value is trans-
mitted to the PHMS server 60. The calculation and trans-
mission of the expected value for the filter differential
pressure is intermittently performed at, for instance, 20 hour
intervals. Therefore, the PHMS server 60 will accumulate
time series data of the expected value of the filter differential
pressure. The PHMS server 60 will diagnose the health such
as the lifespan and presence of hydraulic pump 14 failure
predictors based on the time series data of the expected value
of this filter differential pressure.

[0049] FIG.?2 is a cross-section view showing an example
of a drain filter 26 structure which uses this embodiment.

[0050] This drain filter 26 is positioned such that the top
part shown in the figure is actually to the top and the bottom
part is to the bottom. The operating oil flow which flows into
the drain filter 26 from the drain 24 is first guided to the
bottom inside part of a cylindrical strainer 84 by flow guides
80, 82 which are established in the drain filter 26, and then
made to rise upward from the bottom and pass from the
inside of the strainer 84 to the outside. Most of the metal
particles included in the operating oil will not settle and
accumulate in the bottom part of the drain filter 26, but will
be captured in the strainer 84 because the rising current of
operating oil will pass through from the inside to the outside
of the strainer 84. Moreover, the quantity of metal particles
captured in the strainer 84 will be nearly consistent across
the whole region of the strainer 84. As a result, there will be
a high correlation function between the amount of captured
metal particles (in other words the degree of wear of the
hydraulic pump 14) and the filter differential pressure before
and after the strainer 84 which is measured by the differen-
tial pressure sensor 28. Therefore, the reliability of the filter
differential pressure as a barometer of hydraulic pump 14
health will be high.

[0051] The PHMS controller 18 and the PHMS server 60
will be described below in detail.
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[0052] FIG. 3 shows the structure and function of the
PHMS controller 18. FIG. 4 shows the structure and func-
tion of the PHMS server 60. FIG. 5 specifically describes
the process performed by the PHMS controller 18. FIG. 6
specifically describes the process performed by the PHMS
server 60.

[0053] As shown in FIG. 3, PHMS controller 18 has a
processing device 100 and a storage device 102. The pro-
cessing device 100 has a data collector 104, a proper data
selecting unit 106, a representative differential pressure
calculator 108, an oil temperature variation correcting unit
110, and a data transmitter 112. As shown in FIG. 4, the
PHMS server 60 has a processing device 200 and a storage
device 202. The processing device has a data receiver 204,
a long-term trend calculating unit 206, a short-term trend
calculating unit 208, a lifespan estimator 210, an abnormal-
ity judging unit 212, and a notification unit 214. The PHMS
controller 18 and the PHMS server 60 both have a pro-
grammed computer and a hardware wired circuit, or a
combination of these.

[0054] The function and action of the PHMS controller 18
will be described below while referring to FIG. 3 and FIG.
5.

[0055] As shown in FIG. 3, the data collector 104 inter-
mittently collects at specified short intervals the filter dif-
ferential pressure measurement value 36 from the differen-
tial pressure sensor 28, the discharge pressure measurement
value 34 from the pressure sensor 22, the swash plate angle
command value 40 from the operating controller 16, and the
oil temperature measurement value 38 from the temperature
sensor 32, converts the collected measurement values to
digital data, and stores this digital data in the storage device
102. Therefore, the time series data 120, 122, 124, 126 of the
filter differential pressure, discharge pressure swash plate
angle, and oil temperature measured over a plurality of time
points from the past to the present will be accumulated in the
storage device 102. FIG. 5A shows an example of the filter
differential pressure time series data 120, the discharge
pressure time series data 122, the swash plate angle time
series data 124, and the oil temperature time series data 126.
These time series data 120, 122, 124, 126 include the
respective measurement value data together with the time
series data showing the measurement time. The filter differ-
ential pressure, the discharge pressure, the swash plate
angle, and the oil temperature measurement data which are
included in the time series data 120, 122, 124, 126 mutually
correlate so that the measurement times shown by the time
series data are the same.

[0056] Referring again to FIG. 3, the proper data selecting
unit 106 identifies the time period that the swash plate angle
meets specified fixed conditions during a specified time
period from the past to the present based on the swash plate
angle time series data 124, and extracts only the discharge
pressure data and the filter differential pressure data mea-
sured during this time period from the filter differential
pressure time series data 120 and the discharge pressure time
series data 122. In this document, the specified fixed con-
dition for the swash plate angle is defined as either the swash
plate angle being at one specified angle, or being within a
specified narrow angular range centered around one speci-
fied angle. The aforementioned one specified angle may be
the representative swash plate angle most frequently used in
the hydraulic machine 10.
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[0057] FIG. 5A and FIG. 5B show specific examples of
the processing by the proper data selecting unit 106. Of the
swash plate angle time series data 124 shown in FIG. 5A,
the section enclosed by the broken line shows the case where
the swash plate angle meets fixed conditions during the
aforementioned specified time period. FIG. 5B shows a plot
of all filter differential pressure and discharge pressure
measurement value data during the aforementioned speci-
fied time period which are include in the filter differential
pressure time series data 120 and the discharge pressure time
series data 122, on a filter differential pressure-discharge
pressure coordinate plane. Each plot shows the filter differ-
ential pressure and discharge pressure corresponding to the
same measurement time. The proper data selecting unit 106
extracts the data where the swash plate angle meets fixed
conditions, or in other words, only the plots within the
region enclosed by the broken line, from all of the filter
differential pressure and discharge pressure data during the
specified time period shown in FIG. 5B. Therefore, only the
measured value data when the swash plate angle (or in other
words the pump capacity) meets fixed conditions is
extracted, so the filter differential pressure variability factor
which is dependent on the pump capacity can be removed
from or minimized in the post-extraction data.

[0058] Refer again to FIG. 3. The representative differ-
ential pressure calculating unit 108 receives filter differential
pressure and discharge pressure measurement value data
which was extracted by the proper data selecting unit 106,
and based thereon, calculates a filter differential pressure
(Hereinafter referred to as “representative differential pres-
sure”) for the case where the discharge pressure meets
specified fixed conditions. In this document, specified fixed
conditions for the discharge pressure is defined as either the
discharge pressure being at a single specified pressure or
being within a specified pressure range and centered around
a specified single pressure value. The aforementioned speci-
fied single pressure value can for instance be the represen-
tative discharge pressure value (such as 150 kg/cm®) which
is most frequently used for the hydraulic machine 10. A
variety of methods can be used as the representative differ-
ential pressure calculation method, but in this embodiment,
the representative differential pressure calculating unit 108
determines a correlation function 128 between the discharge
pressure and the filter differential pressure, and determines
the representative differential pressure based on this corre-
lation function. FIG. 5C specifically shows this method. As
shown in FIG. 5C, the representative differential pressure
calculating unit 108 first calculates a correlation function
128 between the discharge pressure and filter differential
pressure based on the filter differential pressure and dis-
charge pressure measurement value data (plots in region
enclosed by broken line in FIG. 5B) extracted by the proper
data selecting unit 106. At this time, a first-degree function
(linear function) can be used as the correlation function.
Linear functions can be determined by two coefficients so
the calculation is simple. Furthermore, according to research
by the inventors, a strong linear correlation function exists
between the filter differential pressure and the discharge
pressure, so the use of a linear function as the correlation
function is reasonable. Furthermore, representative differ-
ential pressure calculating unit 108 calculates a filter differ-
ential pressure value corresponding to the aforementioned
representative discharge pressure value (at specified fixed
conditions) or in other words a representative differential
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pressure value as shown in FIG. 5C based up on the
determined correlation function 128. The filter differential
pressure variable component which is dependent on the
drain flow rate is not included or is minimized in this
representative differential pressure value.

[0059] Note, it is also acceptable to determine the repre-
sentative differential pressure value from the following
simple method in place of the method of determining the
aforementioned discharge pressure-filter differential pres-
sure correlation function 128. Only the filter differential
pressure measurement value data corresponding to the dis-
charge pressure measurement value data which meets the
aforementioned fixed conditions is extracted and the mean
or median of this extracted filter differential pressure mea-
surement value data is calculated to obtain the representative
differential pressure value. This method is appropriate for
pumps with small discharge pressure variation. On the other
hand, the method of determining the representative differ-
ential pressure using the aforementioned discharge pressure-
filter differential pressure correlation function 128 is appro-
priate for pumps with large discharge pressure variation.

[0060] As shown in FIG. 3, the representative differential
pressure calculating unit 108 stores the calculated represen-
tative differential pressure in the storage device 102. The
processing of the aforementioned proper data selecting unit
106 and representative differential pressure calculating unit
108 will be repeatedly and intermittently performed at short
intervals. Therefore, the storage device 102 will accumulate
representative differential pressure time series data 130 at
many points in time from the past to the present.

[0061] As shown in FIG. 3, the temperature variation
correcting unit 110 receives the oil temperature time series
data 126 and the representative differential pressure time
series data 130 for a specified time period from the past to
the present, and corrects the representative differential pres-
sure time series data 130 using the oil temperature time
series data 126, and removes or minimizes the filter differ-
ential pressure variable component which is dependent on
the oil temperature, from the representative differential
pressure time series data 130. In order to perform this
correction, in this embodiment, the oil temperature variable
correcting unit 110 corrects the representative differential
pressure value data by subtracting the ideal differential
pressure for the corresponding oil temperature based on an
oil temperature-ideal differential pressure correlation func-
tion 132 from the representative differential pressure value
data included in the representative differential pressure time
series data 130 using an oil temperature-ideal differential
pressure correlation function 132 prepared beforehand. In
this document, the oil temperature-ideal differential pressure
correlation function 132 is defined as the function which
expresses the correlative relationship between the oil tem-
perature and the ideal filter differential pressure (ideal dif-
ferential pressure) for the case where absolutely no metal
particles are retained in the drain filter 26, and may be
empirically determined for instance.

[0062] FIG. 5D specifically shows the oil temperature
correction processing performed by the oil temperature
variation correcting unit 110. The horizontal axis shown in
FIG. 5D shows the average oil temperature for each speci-
fied unit of time (such as one minute) over the time period
of the representative differential pressure time series data
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130. The oil temperature variation correcting unit 110 cal-
culates this average oil temperature based on the oil tem-
perature time series data 126. Furthermore, the oil tempera-
ture variable correcting unit 110 calculates the ideal
differential pressure corresponding to the calculated average
oil temperature using the discharge pressure-ideal differen-
tial pressure correlation function 132 prepared beforehand.
Furthermore, the oil temperature variable correcting unit 110
corrects the representative differential pressure value data by
subtracting the ideal differential pressure corresponding to
the same oil temperature from all of the representative
differential pressure value data included in the representative
differential pressure time series data 130. In other words, the
corrected representative differential pressure value (cor-
rected differential pressure) data expresses the difference
between the original representative differential pressure
value and the ideal differential pressure corresponding
thereto. FIG. 5D shows an arrow pointing towards the
representative differential pressure value plot from the line
of the discharge pressure-ideal differential pressure correla-
tion function 132. As is clear from the above descriptions,
the corrected differential pressure data has a strong correla-
tive relationship to the amount of metal particles captured in
the drain filter 26 (or in other words the level of wearing by
the hydraulic pump 14) because the filter differential pres-
sure variable component which is dependent on the drain
flow rate and oil temperature is eliminated or minimized.
Therefore, a health diagnosis with high reliability is possible
by using the corrected differential pressure data as a barom-
eter for measuring the health of a hydraulic pump 14.

[0063] As shown in FIG. 3, the oil temperature variation
correcting unit 110 stores the calculated correction differ-
ential pressure in the storage device 102. The aforemen-
tioned oil temperature variation correcting part 110 is inter-
mittently and repeatedly performed over a short time
interval. Therefore, the storage device 102 will accumulate
the corrected differential pressure time series data 134 for
many points in time from the past until the present.

[0064] As shown in FIG. 3 and FIG. 5E, the data trans-
mitter 112 calculates the corrected differential pressure value
data mean value (mean differential pressure) during the most
recent specified time period (such as 20 hours) included in
the corrected differential pressure time series data 134, and
periodically (such as every 20 hours) transmits this mean
differential pressure data 136 to the PHMS server 60.

[0065] The function and operation of the PHMS server 60
will be described below while referring to FIG. 4 and FIG.
6.

[0066] As shown in FIG. 4, the data receiver 204 of the
PHMS server 60 periodically (such as every 20 hours)
receives mean differential pressure data 136 from the PHMS
controller 18, and stores this data in the storage device 202.
Therefore, mean differential pressure time series data 220
from many points in time such as every 20 hours from the
past to the present will be collected in the storage device
202. In FIG. 6, mean differential pressure time series data
220 1s expressed as a plurality of plots on a mean differential
pressure-time coordinate plane.

[0067] As shown in FIG. 4, the long-term trend calculat-
ing unit 206 calculates long-term trend data 222 which
expresses the increasing trend of the mean differential
pressure time series data 220 over time for a specified long
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period of time (such as the most recent several months, year,
or even longer periods of time) based on the mean differ-
ential pressure time series data 220. The long-term trend
data is for instance a linear function. This long-term trend
data 222 expresses the phenomenon that the filter differential
pressure will increase as the drain flow rate gradually
increases even though the discharge pressure is identical,
and is the cause of loosening and rattling or the like of the
equipment over the long-term, and this is the component to
be removed from the filter differential pressure where the
filter differential pressure is used to determine the progres-
sion of wear of the oil pump 14.

[0068] As shown in FIG. 4, the short term trend calcu-
lating unit 208 calculates short term trend data 224 which
expresses the trend of the mean differential pressure time
series data 220 to increase over time during a specified short
period of time (such as the most recent 10 days) based on the
mean differential pressure time series data 220. This short
term trend data 224 is for instance a linear function. The
progression of the wear of the hydraulic pump 14 can be
determined by the degree of deviation of the short term trend
data 224 from the long-term trend data 222.

[0069] As shown in FIG. 4, the lifespan estimator 210
calculates the degree of deviation of the short-term trend
data 224 from the long-term trend data 222, and based
thereon, estimates the lifespan of the hydraulic pump 14. For
instance, as shown in FIG. 6, the degree of deviation where
the hydraulic pump 14 fails (such as when the swash plate
pump shoe is 100% worn) can be empirically determined
beforehand, and this value is already set beforehand for the
PHMS server 60 at a threshold value of 100%. As shown in
FIG. 6, the lifespan estimator 210 extends the line of the
short-term trend data 224 and the long-term trend data 222
mean to the future, and determines the point in time when
the degree of deviation of both of these data achieve the
100% threshold value, and this point in time is the lifespan
data 226 which shows the predicted time of failure in the
future for the hydraulic pump 14. Alternately, as shown in
FIG. 6, the degree of deviation when the hydraulic pump 14
reaches a certain level of wear (such as 25% wear of the
swash plate pump shoe), is empirically determined, and this
level is set beforehand for the PHMS sever 60 at a threshold
value of 25%. The lifespan estimator 210 sets the lifespan
data 226 to the point in time where the remaining life span
which is empirically determined beforehand (such as 50
days) is added to the point where the degree of deviation of
the short-term trend data 224 from the long-term trend data
222 reaches a threshold value of 25%.

[0070] As shown in FIG. 4, an abnormality judging unit
212 calculates the degree of deviation of the short-term trend
data 224 from the long-term trend data 222, and based
thereon, determines whether or not there are predictors of
hydraulic pump 14 failure, and if predictors are detected,
outputs warning data 228. For instance, if the degree of
deviation of the short-term trend data 224 from the long-
term trend data 222 reaches a level just prior to failure, such
as the specified threshold value of 25%, the abnormality
judging unit 212 will issue warning data 228 showing that
failure is near.

[0071] As shown in FIG. 4, a notification unit 228 trans-
mits notification data 230 which includes the lifespan data
226 and the warning data 228 to the user’s terminal 64.
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[0072] An embodiment of the present invention has been
described above, but this embodiment is only an example for
describing the present invention, and does not restrict the
scope of the present invention to just this embodiment. The
present invention may be performed with other various
embodiments so long as the gist of the present invention is
not deviated.

[0073] For instance, all of these hydraulic pump health
monitoring diagnostic functions contained in the PHMS
controller 18 and the PHMS server 60 in the aforementioned
embodiment can be included in each of the hydraulic
machines 10, or the function of the PHMS controller 18 can
be contained in a unit external to the hydraulic machine 10
such as the PHMS server 60.

What is claimed is:
1. A hydraulic machine, comprising:

a hydraulic loading device;

a hydraulic pump which discharges pressurized operating
oil and supplies the operating oil to said hydraulic
loading device;

a drain filter which captures contaminants included in the
operating oil which flows into the drain of said hydrau-
lic pump;

a differential pressure sensor which measures a filter
differential pressure across said drain filter;

an operating status sensor which measures a specified
operating status of said hydraulic pump;

a data collector which collects time series data of said
filter differential pressure and time series data of said
operating status from said differential pressure sensor
and said operating status sensor; and

a representative differential pressure determining unit
which determines a representative differential pressure
value which is the representative value of said filter
differential pressure under said operating status which
meets specified fixed conditions based on said time
series data of said operating status and said time series
data of said filter differential pressure collected by said
data collector, and which output said determined rep-
resentative differential pressure value.

2. The hydraulic machine according to claim 1, further
comprising a diagnostic unit which diagnoses the health of
said hydraulic pump based on said representative differential
pressure value output from said representative differential
pressure determining unit.

3. The hydraulic machine according to claim 1 or claim 2,
wherein said operating status sensor measures as said oper-
ating status the pressure or flow of said pressurized operat-
ing oil which is supplied to said hydraulic loading device
from said hydraulic pump.

4. The hydraulic machine according to claim 1 or claim 2,
wherein said representative differential pressure determining
unit determines the correlative relationship between said
operating status and said filter differential pressure based on
said time series data of said operating status and said time
series data of said filter differential pressure, determine a
correlation value of said filter differential pressure corre-
sponding to a single specified representative of said oper-
ating status value which meets said fixed conditions based
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on said determined correlative relationship, and utilizes said
determined correlation value as said representative differ-
ential pressure value.

5. The hydraulic machine according to claim 1 or claim 2,
wherein said representative differential pressure determining
unit extracts data under said operating status which meets
said fixed conditions from said time series data of said filter
differential pressure, determines the mean or median value
of said extracted filter differential pressure data, and utilizes
said determined mean or median value as said representative
differential pressure value.

6. The hydraulic machine according to claim 1 or claim 2,
wherein said hydraulic pump is a variable capacity pump, a
capacity information outputting unit which outputs capacity
information which correlates to said hydraulic pump capac-
ity is further provided, and said representative differential
pressure determining unit acquires said time series data of
said operating status and said time series data of said filter
differential pressure measured when said hydraulic pump
capacity meets specified fixed conditions based on said
capacity information and determine said representative dif-
ferential pressure value based on said acquired time series
data of said operating status and said acquired time series
data of filter differential pressure.

7. The hydraulic machine according to claim 1 or claim 2,
further comprising a temperature sensor for measuring the
temperature of said operating oil, said data collector also
collects time series data of said oil temperature from said
temperature sensor, and said representative differential pres-
sure determining unit uses said time series data of said oil
temperature to correct said representative differential pres-
sure value by reducing the oil temperature induced variable
component included therein, and outputs said corrected
representative differential pressure value.

8. A hydraulic pump health monitoring system for a
hydraulic machine, comprising a hydraulic pump, a drain
filter which captures contaminants included in operating oil
which flows to a drain of said hydraulic pump, a differential
pressure sensor which measures a filter differential pressure
across said drain filter, and an operating status sensor which
detects a specified operating status of said hydraulic pump,
comprising:

a data collector which collects time series data of said
filter differential pressure and time series data of said
operating status from said differential pressure sensor
and said operating status sensor; and

a representative differential pressure determining unit
which determinea a representative differential pressure
value which is a representative value of said filter
differential pressure under said operating status which
meets specified fixed conditions based on said time
series data of said operating condition and said time
series data of said filter differential pressure collected
from said data collector.

9. The hydraulic pump health monitoring system accord-
ing to claim 8, further comprising a diagnostic unit which
diagnoses the health of said hydraulic pump based on said
representative differential pressure value determined by said
representative differential pressure determining unit.

10. The hydraulic pump health monitoring system accord-
ing to claim 9 wherein said diagnostic unit collects time
series data of said representative differential pressure value
from said representative differential pressure determining
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unit, determines a correlative relationship between time
lapse and an increase of said representative differential
pressure based on said collected time series data of said
representative differential pressure value, and has a lifespan
estimator which estimates a life span of said hydraulic pump
based on said determined correlative relationship.

11. The hydraulic pump health monitoring system accord-
ing to claim 9 wherein said diagnostic unit collects time
series data of said representative differential pressure value
from said representative differential pressure determining
unit, determines a correlative relationship over a specified
long time period between time lapse and said representative
differential pressure based on said collected time series data
of said representative differential pressure value, determines
a degree of deviation between said determined correlative
relationship over said long time period and said represen-
tative differential pressure data over a specified recent short
time period, and has an abnormality judging unit which
judges abnormalities with said hydraulic pump based on said
determined degree of deviation.

12. A hydraulic pump health monitoring method for a
hydraulic pump which discharges pressurized operating oil
and supplies the operating oil to a hydraulic loading device,
comprising the steps of:

collecting time series data of a filter differential pressure
across a drain filter of said hydraulic pump;

collecting time series data of a specified operating status
for said hydraulic pump;

determining a representative differential pressure value
which is a representative value of said filter differential
pressure under said operating status which meets speci-
fied fixed conditions based on said time series data of
said collected operating status and said time series data
of said filter differential pressure; and

diagnosing said hydraulic pump health based on said
determined representative differential pressure value.

13. A hydraulic pump health monitoring system for a
hydraulic machine, comprising a hydraulic pump, a drain
filter for capturing contaminants included in operating oil
which flows to a drain of said hydraulic pump, a differential
pressure sensor which measures a filter differential pressure
across said drain filter, and an operating status sensor which
detects a specified operating status of said hydraulic pump,
comprising:

a local controller connected to said hydraulic machine;
and

a central server which is placed in a location separated
from said hydraulic machine and which can commu-
nicate with said local controller;

said local controller of said hydraulic machine compris-
ing:

a data collector which collects time series data of said
filter differential pressure and time series data of said
operation status from said differential pressure sensor
and said operating status sensor of said hydraulic
machine;

a representative differential pressure determining unit
which determines a representative differential pressure
value which is said representative filter differential
pressure value under said operating status which meets
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specified fixed conditions based on said time series data
of said operating status and said time series data of said
filter differential pressure collected by said data collec-
tor; and

a transmission unit which transmits to said server said
representative differential pressure value determined by
said representative differential pressure determining
unit;

said central server comprising:

a receiving unit which receives said representative differ-
ential pressure value from said local controller; and

a diagnostic unit which diagnoses the health of said
hydraulic machine based on said received representa-
tive differential pressure value.

14. Alocal controller of the system according to claim 13.

15. A central server of the system according to claim 13.

16. A hydraulic pump health monitoring system for a

hydraulic machine, comprising a hydraulic pump, a drain
filter which captures contaminants included in operating oil
which flows to a drain of said hydraulic pump, a differential
pressure sensor which measures a filter differential pressure
across said drain filter, and a temperature sensor which
measures the temperature of said operating oil, comprising:

a data collector which collects time series data of said
filter differential pressure and time series data of said
oil temperature from said differential pressure sensor
and said temperature sensor;

a correcting unit which uses said time series data of said
oil temperature collected by said data collector and
corrects said time series data of said filter differential
pressure to reduce the temperature induced variable
component therein; and

a diagnostic unit which diagnoses the health of said
hydraulic pump based on said time series data of said
filter differential pressure corrected by said correcting
unit.

17. A hydraulic pump health monitoring system for a

hydraulic machine, comprising a hydraulic pump, a drain
filter which captures contaminants included in operating oil
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which flows to a drain of said hydraulic pump, and a
differential pressure sensor which measures a filter differ-
ential pressure across said drain filter, comprising:

a data collector which collects time series data of said
filter differential pressure from said differential pres-
sure sensor;

a correlative relationship determining unit which deter-
mines a correlative relationship between time lapse and
an increase of said filter differential pressure based on
said time series data of said filter differential pressure
collected by said data collector; and

a lifespan estimator which estimates the lifespan of said
hydraulic pump based on said correlative relationship
determined by said correlative relationship determining
unit.

18. A hydraulic pump health monitoring system for a
hydraulic machine, comprising a hydraulic pump, a drain
filter which captures contaminants included in operating oil
which flows to a drain of said hydraulic pump, a differential
pressure sensor which measures a filter differential pressure
across said drain filter, and a temperature sensor which
measures the temperature of said operating oil, comprising:

a data collector which collects time series data of said
filter differential pressure from said differential pres-
sure sensor;

a correlative relationship determining unit which deter-
mines a correlative relationship between the lapse time
over a specified long period of time and said filter
differential pressure based on said time series data of
said filter differential pressure collected by said data
collector; and

a judgment unit which determines a degree of deviation
between said long-term correlative relationship deter-
mined by said correlative relationship determining unit
and said filter differential pressure data over a specified
recent short period of time, and estimate the lifespan or
judge said hydraulic pump abnormalities based on said
determined degree of deviation.
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