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(57) ABSTRACT 

A diagnostic method and apparatus for diagnosing a motor 
operated valve capable of continuously measuring a preload 
of a spring cartridge at low costs, with high accuracy, and with 
ease, so that the elastic characteristics of the spring cartridge 
may be easily calibrated in a simple manner. The method and 
apparatus is for diagnosing a motor-operated valve including 
a valve disc 25, a worm 12 rotatably driven by motor power, 
a link mechanism which opens and closes the valve disc 25 
with the rotational driving force transmitted from the worm 
12, and a spring cartridge 13 containing disc springs 15 which 
expand or compress in response to reaction force acting on the 
worm 12 in its axial direction from the link mechanism. The 
method and apparatus calibrates the torque curve represent 
ing the elastic characteristics the spring cartridge 13 based on 
the load corresponding to a specific compression condition of 
the spring cartridge 13, and based on the torque curve thus 
calibrated, produces a diagnosis of the motor-operated valve. 
Accordingly, an easy and quick diagnosis can be achieved on 
whether the torque-related characteristics of the motor-oper 
ated valve are appropriate or not. 
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METHOD AND APPARATUS FOR 
DAGNOSING MOTOR-OPERATED VALVE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. application Ser. 
No. 10/545,608, filed Aug. 16, 2005, which is a filing under 
35 USC 371 of PCT application PCT/JP2004/003072, filed 
Mar. 10, 2004 and claims priority of Japanese Patent Appli 
cation No. 2003-062804 filed Mar. 10, 2003. The disclosures 
of all of the foregoing applications, inclusive of the specifi 
cation, claims and drawings, are hereby incorporated by ref 
erence herein. 

TECHNICAL FIELD 

0002 The present invention relates to a method and appa 
ratus for diagnosing a motor-operated valve. More particu 
larly, the invention relates to a method and apparatus which 
produces a torque-related diagnosis of a motor-operated 
valve. The diagnosis is produced by detecting a change in the 
preload of a spring cartridge containing disc springs and 
determining, based on the result of this detection, the elastic 
characteristics (torque curve) of the spring cartridge during a 
time when a motor-operated valve moves from the full open 
position to the full close position and vice versa. 

BACKGROUND ART 

0003 Motor-operated valves are being used extensively in 
a variety of pipes installed in nuclear power plants and other 
facilities for many years. 
0004. A motor-operated valve in such applications com 
prises: a valve disc for opening and closing a passage in a 
pipe; a worm rotatably driven by motor power Such as an 
electric motor; a link mechanism (a gear, a drive sleeve, a 
stem nut, a valve stem, etc.) which opens and closes the valve 
disc with the rotational driving force transmitted from the 
worm; and a spring cartridge containing disc springs which 
expand or compress in response to reaction force acting on the 
worm in its axial direction from the link mechanism. 
0005. The spring cartridge contains disc springs and is 
provided to prevent the worm from delivering excessive rota 
tional driving force (torque) to the link mechanism. The 
spring cartridge is also referred to as a “spring pack.” “torque 
spring cartridge.” or “torque spring pack.” 
0006. The spring cartridge comprises a shaft, a plurality of 
disc springs, and two compression plates. The shaft moves 
axially together with the worm. The disc springs are fitted 
around the shaft with the shaft penetrating the center of the 
disc springs. The compression plates hold the disc springs in 
the axial direction from both ends. Each of the compression 
plates is able to slide together with the shaft only in the 
direction into which the disc springs are compressed. The 
compression plates hold the disc springs compressed with a 
predetermined load applied in advance. 
0007. This load holding the disc springs pre-compressed is 
referred to as the “preload' of the spring cartridge. 
0008. When a motor or the like is operated to move the 
valve disc from the open position to the close position, the 
driving force from the motor rotates the worm and drives the 
link mechanism, the link mechanism comprising a gear 
engaging the worm, a drive sleeve, a stem nut, a valve stem, 
etc. Consequently the valve disc descends and is closed. 
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0009 Reverse rotation of the worm raises and opens the 
valve disc. 
0010 With the rotation of the worm, the driving force is 
transmitted to the link mechanism, which in turn drives the 
valve disc. The valve disc, when closed, contacts a valve seat 
located in the valve body. When this contact occurs, the valve 
disc begins to receive reaction force from where it has con 
tacted. 
0011. This reaction force is then transmitted to the worm 
by way of the link mechanism and acts on the worm as a load 
to displace the worm in its axial direction. 
0012. On the other hand, the spring cartridge shaft and one 
of the compression plates move integrally with the worm. 
This movement compresses the disc springs fitted around the 
spring cartridge shaft by the amount which corresponds to the 
displacement of the compression plate. 
0013 However, the spring cartridge urges the worm in its 
axial direction with the preload. Therefore, the worm will not 
begin to move until a component of the aforementioned reac 
tion force acting on the worm exceeds the preload. When the 
reaction force acting on the worm exceeds the preload, the 
worm is displaced in a direction which compresses the disc 
springs in the spring cartridge according to the compression 
force on the spring cartridge. 
0014 That is to say, the worm begins to move against the 
urging force when the preload is exceeded by the reaction 
force. The reaction force continuously increases until the 
valve disc reaches a predetermined close position after it 
contacts the valve seat. 
0015. If the valve disc continues to be closed after it 
reaches the predetermined close position, damage may be 
caused to the valve disc, the interface between the worm and 
the link mechanism, or other parts of the valve disc. To pre 
vent this from happening, the rotation of the worm need to be 
stopped. 
0016. Accordingly, a limit switch (a torque switch) is pro 
vided at a position to which the worm will move when the 
valve disc reaches a predetermined close position, so that the 
motor operation can stop. 
0017. This means that the set point for actuating the torque 
switch provided on the worm is determined by the amount of 
worm displacement (in the compression direction). 
0018 When the Hooke's Law is applied to the spring 
cartridge, an equation, F-kX, exists. F is a load, k is a spring 
constant, and X is an amount of compression. 
0019. The preload F0 of the spring cartridge is then given 
by F0=kx0, where x0 is the amount of pre-compression. This 
preload F0 acts on the worm as an urging force. 
0020. Accordingly, an urging force, Fs, acting on the 
worm when the torque Switch is actuated is given by: 

where XS is the amount of worm displacement set to actuate 
the torque Switch. 
0021. Thus, the actuating point of the torque switch is 
substantially defined by the load Fs acting on the worm. 
0022. However, the aforementioned disc springs in the 
spring cartridge may experience wear or similar degradation 
due to ageing or some other causes. 
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0023. When this happens, the amount of pre-compression, 
X0, on the disc springs decreases by AX corresponding to a 
reduction in the length caused by wear. In this case, the 
pre-compression amount X1 is given by: 

The preload F1 is given by: 

= k . (x0 - Ax) 

= FO - k . Ax. 

As shown, the preload after wear occurred becomes lower 
than the preload F0 before the wear occurred. 
0024 Load Fs' at the actuating point of the torque switch 
(xxs) is then expressed by: 

= (FO - k . Ax) + k . xS 

= FS - k . Ax. 

As shown, the load Fs' after wear occurred becomes lower 
than the load Fs before the wear occurred by AF (-k'AX). 
0025. This can cause the torque switch to be actuated 
before the valve disc reaches a predetermined close position, 
or with an excessive margin for a specified allowable strength. 
This in turn may prevent a motor-operated valve from oper 
ating properly in accordance with its characteristics. 
0026. The description provided above assumes a valve 
operation in which the valve disc moves from an open posi 
tion to a close position. Similar actions and effects apply to a 
valve operation in which the valve disc moves from a close 
position to an open position, with a resulting decrease in the 
load acting on the torque Switch. 
0027 Consequently, a variety of motor-operated valve 
diagnostic apparatuses have heretofore been proposed. The 
proposed apparatuses often determine the torque curve (the 
section at which the compression amount is Zero represents 
the preload) representing a relation between the load (or 
torque) acing on the spring cartridge and the compression 
amount of the spring cartridge (excluding the pre-compres 
sion amount), and then, based on the torque curve thus deter 
mined, produce a diagnosis on whether or not a motor-oper 
ated valve is operating properly. 
0028. For measuring torque, one apparatus uses a strain 
sensor, for example. In Such an apparatus, the strain sensor is 
permanently provided on a motor-operated valve as an inte 
gral part of the spring cartridge (built-in torque sensor, an 
example can be found in International Publication Gazette 
WO95/14186). The strain sensor is for directly measuring 
stress (or torque) acting on the compression plate of the spring 
cartridge from the worm. Another diagnostic apparatus mea 
Sures torque using a load cell together with a displacement 
sensor (externally-attached torque sensor; examples can be 
found in Japanese patent No. 2982090, FIG. 1 and other 
literature). In this case, a calibrated load cell is mounted on a 
motor-operated valve from outside its casing, with the use of 
an adapter placed between the load cell and the motor-oper 
ated valve, in a way that the load cell hits the compression 
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plate of the spring cartridge. The displacement sensor is for 
detecting displacement of the spring cartridge shaft. 
0029. The externally-attached torque sensor as described 
above uses the displacement sensor to detect displacement of 
the spring cartridge shaft and the load cell to measure stress 
applied from the compression plate, when the spring cartridge 
shaft moves toward the load cell to compress the disc springs. 
From the result of this, the preload and the spring constant are 
determined. When the shaft moves away from the load cell 
together with the compression plate located at the shaft end 
and compresses the disc springs, the displacement of the shaft 
is detected by the displacement sensor, while the stress is 
detected using the detected displacement and the spring con 
stant already obtained. 
0030. In another diagnostic apparatus, a spring cartridge is 
taken out of the casing of a motor-operated valve. Measure 
ment is then made on the spring cartridge alone to determine 
the elastic characteristics thereof. In yet another diagnostic 
apparatus, a diagnosis of a motor-operated valve is produced 
based only on the detection of worm displacement. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0031. The disadvantage of an externally-attached torque 
sensor is that a load cell or the like is a large piece of equip 
ment in itself and, therefore, difficult to be mounted on a 
motor-operated valve on a permanent basis. Thus, a load cell 
or the like has to be mounted and dismounted from a motor 
operated valve at every diagnosis. This means that a great 
amount of time is required for pre-work and post-work activi 
ties. 
0032. In addition, the inability to mount an externally 
attached torque sensor permanently on a motor-operated 
valve makes it necessary to stop the operation of the motor 
operated valve when the load cell, etc., is mounted on and 
dismounted from the motor-operated valve, to ensure safety. 
If the motor-operated valve to be diagnosed is in a large plant 
Such as a nuclear power plant, diagnosis can in effect be 
performed only during a planned plant outage. 
0033. Furthermore, it is not possible, with the use of the 
existing method which use an externally-attached torque sen 
Sor, to directly measure stress acting on the spring cartridge 
when the disc springs are compressed in a direction in which 
the spring cartridge shaft moves away from the load cell, i.e., 
when the valve is opening. Thus, in the existing method 
heretofore, it has been assumed, for the purpose of conve 
nience, that the elastic characteristics of the spring cartridge 
during Valve opening are the same as those during valve 
closing. Thus, after the amount of worm displacement is 
measured during valve opening, the stress for valve closing 
corresponding to the same displacement amount as this mea 
Sured amount has been taken as the stress for valve opening. 
0034. However, as described, some motor-operated valves 
develop hysteresis indicating that the elastic characteristics of 
the spring cartridge during valve closing is different from 
those during the valve opening depending on how the disc 
springs stay in the spring cartridge or on other reasons. In Such 
a case, taking the elastic characteristics for the valve closing 
operation as that for the valve opening operation will reduce 
accuracy of the diagnosis. 
0035. A motor-operated valve diagnostic apparatus using 
a built-in torque sensor is not free from problems, either. That 
is, a strain sensor has to be provided to each motor-operated 
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valve, necessitating a large expenditure of money. Besides, to 
calibrate a strain sensor at regular intervals, it is necessary to 
remove the spring cartridge from a motor-operated valve. 
Furthermore, the built-in torque sensor alone cannot directly 
measure a reduction in the preload caused by wear or similar 
problems on the disc springs. It is therefore necessary to 
provide another sensor for detecting the amount of compres 
sion applied to the spring cartridge in addition to the built-in 
torque sensor. 
0036. With the use of a motor-operated valve diagnostic 
apparatus which requires the spring cartridge to be removed 
from the valve for taking measurement thereon, it is not 
possible to calibrate the torque curve with the motor-operated 
valve under actual operating conditions (i.e., with the spring 
cartridge fit to the casing of the motor-operated valve). 
0037. In addition, with the removal of the spring cartridge 
from the motor-operated valve, the position of the spring 
cartridge and the shaft relative to the position of the torque 
Switch may move. That is, the interacting condition between 
these component parts may change. The result is that load 
acting on the torque Switch may change compared to the value 
before the removal of the spring cartridge. 
0038 Apart from the apparatuses discussed above, there is 
yet another method for diagnosing a motor-operated valve. 
This method produces a diagnosis after measuring the spring 
constant. In this method, conversion into a torque is made by 
referring to a predefined torque curve (a corresponding rela 
tion between the torque and the displacement), using a 
mechanism that rotates as the worm moves in its axial direc 
tion. However, with this method, it is not possible to calibrate 
the torque curve; nor is it possible to directly detect the worm 
axial displacement. Consequently, accuracy of measurement 
is low. 
0039 Motor-operated valves are constructed in such a 
way that they automatically stop operation when a preset 
torque is reached. Many of the failures motor-operated valves 
experience are caused by reduction in this preset torque value. 
A change in the preset torque value is often attributable to a 
change in the preload of the spring cartridge caused by wear 
or similar problems of the disc springs. 
0040. The present invention has been made in view of the 
aforementioned circumstances. It is an object of the present 
invention to provide a diagnostic method and apparatus 
which can produce a diagnosis of a motor-operated valve, in 
which a specific load including at least the preload of a spring 
cartridge can be measured in an inexpensive, simple, and 
accurate manner, at all times and in which a torque curve is 
calibrated based on the load obtained and the motor-operated 
valve is then diagnosed based on the calibrated torque curve. 

Means for Solving the Problems 
0041. To solve the above mentioned problems, the motor 
operated valve diagnostic method and apparatus according to 
the invention is constructed as described below. 
0042. The motor-operated valve diagnostic method of the 
invention as claimed in claim 1 is a motor-operated valve 
diagnostic method for diagnosing a motor-operated valve 
comprising a valve disc for opening and closing a given 
passage, a worm rotatably driven by motor power, a link 
mechanism which opens and closes the valve disc with the 
rotational driving force transmitted from the worm, and a 
spring cartridge containing disc springs which expand or 
compress in response to reaction force acting on the worm in 
its axial direction from the link mechanism, said method 
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being characterized in that a torque curve representing the 
elastic characteristics of the spring cartridge is calibrated 
based on a load corresponding to a specific compression 
condition of the spring cartridge and in that the motor-oper 
ated valve is diagnosed based on the torque curve thus cali 
brated. 
0043. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 1, con 
structed as described above, the torque curve of the spring 
cartridge is calibrated based on the load corresponding to a 
specific compression condition of the spring cartridge, and 
based on the torque curve thus calibrated, a diagnosis of the 
motor-operated valve is produced. Accordingly, an easy and 
quick diagnosis can be achieved on whether the torque-re 
lated characteristics of the motor-operated valve are appro 
priate or not. 
0044) The motor-operated valve diagnostic method 
according to claim 2 is a motor-operated valve diagnostic 
method as claimed in claim 1, characterized in that the load 
corresponding to the specific compression condition of the 
spring cartridge includes at least a preload of the spring car 
tridge. 
0045. The specific compression condition to which the 
preload corresponds is the compression condition of the 
spring cartridge at the time when the spring cartridge begins 
to deform due to the reaction force (i.e., the starting time of 
compression), that is, at the time when the amount of com 
pression (i.e., the amount of deformation) of the spring car 
tridge is Zero immediately before turning positive. This can be 
detected as a point in time when the worm begins to move 
axially. 
0046 “The load including at least the preload comprises 
a concept encompassing not only the preload itself of the 
spring cartridge but also a load corresponding to a specific 
compression condition which is different from the one corre 
sponding to the preload. An example of this is a load corre 
sponding to a compression condition at the time when the 
torque Switch is actuated. 
0047. The motor-operated valve diagnostic method 
according to claim 3 is a motor-operated valve diagnostic 
method as claimed in claim 1 or claim 2, characterized in that 
a condition of compression of the spring cartridge resulting 
from the reaction force is detected as a worm axial displace 
ment, in that a given physical quantity corresponding to a load 
which corresponds to the specific compression condition of 
the spring cartridge is detected, and in that the load corre 
sponding to the specific compression condition of the spring 
cartridge based on the given physical quantity is then 
detected. 
0048. The link mechanism comprises components includ 
ing, but not limited to, a gear engaging the worm, a drive 
sleeve rotating as the gear rotates, a stem nut rotating inte 
grally with the drive sleeve and having female threads formed 
around its inner Surface, and a valve stem connected to the 
valve disc at one end and having male threads on the other 
around its outer Surface so that the male threads engage the 
female threads of the stem nut to allow the valve stem to move 
axially as the stem nut rotates. 
0049. Detection of a point in time when the worm begins 
to move axially may be made by either of the following: 
continuous monitoring of and detection of a change in the 
distance between the reference position (the drive casing of 
the motor-operated valve) and the axial end surface or other 
part of the worm or any part which can be considered sub 
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stantially identical to the worm axial end Surface (e.g., a 
compression plate of the spring cartridge, the end Surface of 
the locknut provided at the end Surface of the spring car 
tridge); or physical detection of an instant at which the worm 
begins to move. 
0050 Continuous monitoring of the distance as described 
above is preferable by reason that it allows routine control of 
this distance, facilitating early identification of any sign of 
change in the value of the distance. 
0051. A given physical quantity corresponding to a load 
which corresponds to the specific compression condition of 
the spring cartridge refers to a physical quantity of various 
kinds from which load acting on the spring cartridge can be 
calculated. Examples may be stress acting on other compo 
nent part or an elapsed time. 
0052. The stress acting on the link mechanism is a specific 
example of this physical quantity. Contact of the valve disc to 
the valve seat in the closing movement or contact of the valve 
disc to the physical stopper in the opening movement (here 
inafter the term “the valve disc contacting the valve seat' 
includes also “the valve disc contacting the physical stopper 
in the opening movement) produces stress in the link mecha 
nism. This stress in turn becomes a load to displace the worm. 
Therefore, the stress acting on the link mechanism has a direct 
corresponding relation with the load acting on the spring 
cartridge, as long as the spring constant of the spring cartridge 
remains constant. 
0053. In addition, the stress acting on the yoke which 
covers the valve stem can also be an example of a given 
physical quantity mentioned above, as stress on the link 
mechanism produces reaction force on the yoke. 
0054 Meanwhile, an elapsed time to between the valve 
disc-to-seat contact and the start of the worm axial displace 
ment is given by t0=F0/v, where F0 is the preload of the spring 
cartridge and V is a rate of increase with time of the load acting 
on the spring cartridge (load applied to the worm load 
applied to the disc springs) and assumed to be constant. 
0055. Therefore, the elapsed time t0 between the valve 
disc-to-seat contact and the start of the worm axial displace 
ment may also be used as a given physical quantity, instead of 
stress O acting on the link mechanism. 
0056. In this case, it is necessary to detect a point in time 
when the valve disc contacts the valve seat. This point in time 
of valve disc-to-seat contact may be detected from a change in 
the stress or the like acting on the link mechanism or on the 
yoke covering the link mechanism. Alternatively, the point in 
time of valve disc-to-seat contact may be detected based on a 
duration of time elapsed from the time when a specified point 
on the valve stem or other part of the link mechanism passes 
a specified position. This is because tk, which is an elapsed 
time between the time when the specified point on the link 
mechanism passes the specified position and the time of the 
valve disc-to-seat contact, is constant, as long as the working 
speed of the valve stem is constant. 
0057 The elapsed time t before the worm begins to move 

is expressed by t—tk+t0, wherein only to will change, with tk 
remaining unchanged whether the disc springs are worn or 
not. Therefore, by detecting a time difference At (t-t'=t0-t1) 
between the elapsed time t before wear and the elapsed time 
t' after wear, the elapsed time t1 between the valve disc-to 
seat contact and the start of the worm displacement after wear 
can be determined. 
0058 As explained, in accordance with the motor-oper 
ated valve diagnostic method of the invention as claimed in 
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claim 3, it is possible to detect the given physical quantity 
corresponding to a load which corresponds to a specific com 
pression condition of the spring cartridge and then determine 
a load corresponding to a specific compression condition of 
the spring cartridge based on this detected physical quantity. 
0059 Detection of the load corresponding to a specific 
compression condition of the spring cartridge in turn enables 
determination of the torque curve of the spring cartridge in 
which effects of wear or the like on the disc springs are 
reflected. Accordingly, an easy and quick diagnosis can be 
achieved on whether the torque-related characteristics of the 
motor-operated valve are appropriate or not. 
0060 Additionally, as there is no need to directly measure 
the load acting on the spring cartridge, installation of a large 
load cell or the like is not necessary. Nor, is it necessary to 
remove the spring cartridge from the motor-operated valve 
for taking measurement thereon. The motor-operated valve 
diagnostic apparatus of the invention can thus be installed 
permanently on the motor-operated valve, enabling an easy 
diagnosis of the motor-operated valve during its actual opera 
tion at low costs, with high accuracy, and with ease. 
0061. When the motor-operated valve diagnostic method 
of the invention as claimed in claim3 is constructed in Such a 
way that “the starting time of the spring cartridge deformation 
caused by the act of compression thereon which results from 
the reaction force acting on the worm in its axial direction is 
detected as the starting time of the worm axial displacement'. 
detection of the starting time of the worm axial displacement 
and of a given physical quantity corresponding to the preload 
of the spring cartridge at the starting time of the worm axial 
displacement will make it possible to detect, based on the 
detected physical quantity, the preload of the spring cartridge. 
Accordingly, a construction like this is extremely useful 
where a diagnosis is made on the motor-operated valve based 
on the preload. 
0062. The motor-operated valve diagnostic method 
according to claim 4 is a motor-operated valve diagnostic 
method as claimed in claim 3, characterized in that the worm 
displacement is detected by monitoring the position of the 
spring cartridge shaft end moving axially together with the 
worm or of the peripheral part thereof fixed thereto and mov 
ing together therewith. 
0063 Monitoring the position of the spring cartridge shaft 
end means indirectly monitoring the worm axial position by 
monitoring a position of the spring cartridge shaft end which 
can be regarded as identical to the worm axial position. 
0064. The spring cartridge shaft end includes the periph 
eral part thereof which can be considered substantially iden 
tical to the shaft end. 

0065 For example, when a compression plate or a locknut 
which moves integrally with the spring cartridge shaft end is 
fitted to this shaft, the end surface of this locknut or other can 
be considered substantially identical to the shaft end and may 
be chosen as the position to monitor. 
0066. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 4, con 
structed as described above, the worm axial displacement is 
detected by monitoring the position of the spring cartridge 
shaft end. Measurement on the shaft end is possible simply by 
removing the cover covering the spring cartridge shaft from 
the casing of the valve. Hence, the start of the worm displace 
ment or the absolute position between the spring cartridge 
shaft end and the end Surface of the casing or other can be 
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detected more easily than making measurement on the worm 
positioned deep within the casing of the valve. 
0067. The cover on the casing may be replaced by an 
adapter (i.e., a modified cover) having a measurement hole 
with a cap. 
0068. The motor-operated valve diagnostic method 
according to claim 5 is a motor-operated valve diagnostic 
method as claimed in claim 4, characterized in that the worm 
displacement is detected by monitoring, by means of a worm 
position sensor, the position of the spring cartridge shaft end 
or of the peripheral part thereof fixed thereto and moving 
together therewith, the worm position sensor being mounted 
on the motor-operated valve with the use of an adaptor, the 
adapter being placed between the worm position sensor and 
the motor-operated valve, replacing the cover covering the 
spring cartridge and having an insertion length substantially 
identical to that of the cover. 
0069. The insertion length is equivalent to the depth in the 
insertion hole, where the spring cartridge is inserted, from the 
external Surface (end Surface) of the casing housing the spring 
cartridge to the compression plate of the spring cartridge. 
0070 The inserted part of the cover contacts the compres 
sion plate of the spring cartridge, restraining the entire spring 
cartridge to move. 
0071. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 5, con 
structed as described above, there is provided an adapter, in 
place of the cover, the adapter having an insertion length 
almost identical with that of the cover. Accordingly, during 
the motor-operated valve operation with the adapter fitted, the 
spring cartridge operates under the almost same condition as 
the condition with the cover fitted, enabling a diagnosis with 
increased accuracy on the motor-operated valve during its 
actual operation. 
0072 Moreover, the starting position of the worm dis 
placement can be controlled using the absolute position of the 
spring cartridge relative to the reference position on the 
motor-operated valve, with the adaptor fitted. Thus, even in 
cases where there is a slight error in the insertion length 
between the cover and the adapter, or where the adapter is 
changed with another having a slightly different insertion 
length, it is possible to correct these errors and differences 
based on the absolute position, thereby enabling an accurate 
determination of the preload. 
0073 Still further, the worm axial displacement for detect 
ing the compression condition of the spring cartridge is 
detected by monitoring the position of the spring cartridge 
shaft end with the use of the adaptor. Measurement on the 
spring cartridge shaft end is possible simply by removing the 
cover covering the spring cartridge shaft from the casing of 
the valve and replacing it with the adapter. Thus, the worm 
displacement or the absolute position between the shaft end 
and the end Surface of the casing or other can be detected more 
easily than making measurement on the worm positioned 
deep within the casing of the valve. 
0074 The motor-operated valve diagnostic method 
according to claim 6 is a motor-operated valve diagnostic 
method as claimed in any one of claims 3 to 5, characterized 
in that the aforementioned given physical quantity is the 
stress acting on the link mechanism or the reaction stress 
generated in an area subjected to the stress acting on the link 
mechanism when the spring cartridge is under the specific 
compression condition; and in that a reference is made to the 
pre-established corresponding relation between the stress or 
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reaction stress and the load acting on the spring cartridge so 
that the load corresponding to the specific compression con 
dition of the spring cartridge can be detected based on the 
stress or reaction stress. 
0075. The stress acting on the link mechanism is stress 
generated by the valve disc-to-seat contact. This stress is 
transmitted to the spring cartridge by way of the worm to act 
as a load thereon (compression force). The load acting on the 
spring cartridge and the amount of compression X on the 
spring cartridge (i.e., the amount of worm displacement) 
resulting from this load has a corresponding relation, F=F0+ 
kxx. (F0=preload), provided that the spring constant k 
remains unchanged with time. The compression force is pro 
portionally related to the torque by the expression, (load 
F)x(distanced from the valve stem center to the worm tooth 
face) torque T. 
0076. The stress OO acting on the link mechanism when 
the worm begins to move in the axial direction corresponds to 
the preload of the spring cartridge. Therefore, by detecting the 
stress acting on the link mechanism and referring this 
detected stress to the corresponding relation F=f(O), it is 
possible to determine the preload F0=f(o0). 
0077. The reaction stress generated in an area subjected to 
stress acting on the link mechanism is reaction force pro 
duced in response to the stress acting on the link mechanism 
at the time of the valve disc-to-seat contact. This reaction 
force is generated in the yoke covering the link mechanism, 
for example, and transmitted to the spring cartridge by way of 
the worm to act as a load thereon (compression force). 
0078. The reaction stress occurring in the yoke when the 
worm begins to move in the axial direction also corresponds 
to the preload of the spring cartridge. Therefore, by detecting 
the reaction stress acting on the yoke and referring this 
detected reaction stress to the aforementioned corresponding 
relation, it is possible to determine the preload. 
0079 Accordingly, in accordance with the motor-oper 
ated valve diagnostic method of the invention as claimed in 
claim 6, by drawing the torque curve T-dxF=dx(F0+kxx) 
using the preload F0 determined as described above, it is 
possible to determine the torque curve in which the effects of 
wear or the like on the disc springs are reflected (i.e., a 
calibrated torque curve). Thus, an easy and quick diagnosis 
can be achieved, based on the calibrated torque curve, on 
whether the torque-related characteristics of the motor-oper 
ated valve are appropriate or not. 
0080 Furthermore, measurement of stress acting on the 
link mechanism is easier than direct measurement of a load 
acting on the spring cartridge. Thus, diagnostic activities can 
be reduced. 
I0081. The motor-operated valve diagnostic method 
according to claim 7 is a motor-operated valve diagnostic 
method as claimed in claim 6, characterized in that an area 
Subjected to the stress includes the yoke covering the link 
mechanism, the spring cartridge, or other area where stress 
changes integrally with that in the spring cartridge. 
I0082. The aforementioned stress acting on the link mecha 
nism is applied directly to the yoke covering the link mecha 
nism to generate reaction stress therein and transmitted fur 
ther to the spring cartridge and an area where stress changes 
integrally with that in the spring cartridge, for example, the 
cover attached to the spring cartridge shaft end. This means 
that determination of the stress acting on the link mechanism 
does not have to depend on direct measurement thereof. 
instead, the stress can be made known by measuring the 
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reaction stress in the yoke or other area. The reaction stress 
generated in the yoke can be measured more easily than the 
stress acting on the link mechanism. Measurement thereof is 
thus most appropriate in terms of reducing diagnostic activi 
ties. 

0083. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 7, reaction 
stress generated in the yoke covering the link mechanism, in 
the spring cartridge, or in an area where stress changes inte 
grally with that in the spring cartridge corresponds to a spe 
cific compression condition of the spring cartridge; it is there 
fore possible to detect a load corresponding to a specific 
compression condition of the spring cartridge based on the 
reaction force, when reference is made to the pre-established 
corresponding relation between the stress or the reaction 
stress and the load acting on the spring cartridge. 
0084. The load thus determined can then be used to cali 
brate the torque curve of the spring cartridge, and based on 
this calibrated torque curve, an easy and quick diagnosis can 
be achieved on whether the torque-related characteristics of 
the motor-operated valve are appropriate or not. 
0085. Furthermore, measurement of reaction stress acting 
on the yoke or other part is easier than direct measurement of 
load acting on the spring cartridge. Thus, diagnostic activities 
can be reduced. 

I0086. The motor-operated valve diagnostic method 
according to claim 8 is a motor-operated valve diagnostic 
method as claimed in any one of claims 3 to 5, characterized 
in that the aforementioned given physical quantity is the 
elapsed time between a given reference time and the starting 
time of the worm displacement; and in that a reference is 
made to the corresponding relation between the elapsed time 
and the load acting on the spring cartridge so that the preload 
of the spring cartridge can be detected based on the elapsed 
time. 

0087. The given reference time is most preferably a point 
in time such as the time of the valve disc-to-seat contact, as 
explained in claim 3. 
0088. The time of the valve disc-to-seat contact may be 
detected based on, for example, a change in stress acting on 
the link mechanism, the yoke, or other area. 
0089. If direct detection of the time of the valve disc-to 
seat contact is not possible, then a point in time when a 
specified point on the valve stem passes a specified position, 
for example, may be used as an alternative of the time of the 
valve disc-to-seat contact. 

0090. If it is the time when a specified point on the valve 
stem passes a specified position, instead of the time of the 
valve disc-to-seat contact, that is to be detected, a position 
sensor or the like may be used to detect this time when a 
specified point on the valve stem passes a specified position. 
0091. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 8, con 
structed as described above, it is possible to determine the 
preload of the spring cartridge by referring to the correspond 
ing relation between the load acting on the spring cartridge 
and the elapsed time elapsed from the given reference time to 
the starting time of the worm axial displacement. 
0092. The preload thus determined can then be used to 
determine the torque curve in which the effects of wear or the 
like on the disc springs are reflected, that is, a calibrated 
torque curve. Based on this calibrated torque curve, an easy 
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and quick diagnosis can be achieved on whether the torque 
related characteristics of the motor-operated valve are appro 
priate or not. 
0093. In this method, it is not a value of stress acting on the 
link mechanism or the yoke that is detected. And for the 
detection of the valve disc-to-seat contact, the method simply 
uses a change in stress, an elapsed time, or others. The physi 
cal quantity is simpler to measure in this method than in the 
method which detects a value of stress acting on the link 
mechanism or other component part. Because of no need for 
detection of a value of stress on Such a component part, 
diagnostic activities can further be reduced. 
0094. The motor-operated valve diagnostic method 
according to claim 9 is a motor-operated valve diagnostic 
method as claimed in claim8, characterized in that the afore 
mentioned given reference time is the time of the valve disc 
tO-Seat COntact. 

0.095 As aforementioned, the valve disc-to-seat contact 
includes not only valve disc-to-seat contact as normally 
referred to for the valve closing operation, but also the valve 
disc contact to the physical stopper in the valve opening 
operation. 
0096. In accordance with the motor-operated valve diag 
nostic method as claimed in claim 9, constructed as described 
above, it is possible to determine the preload of the spring 
cartridge with high accuracy, as the elapsed time elapsed from 
the valve disc-to-seat contact to the starting time of the worm 
displacement corresponds better to the load acting on the 
spring cartridge than the time elapsed from a different refer 
ence time. 
0097. The motor-operated valve diagnostic method 
according to claim 10 is a motor-operated valve diagnostic 
method as claimed in claim.9, characterized in that the time of 
the valve disc-to-seat contact is detected based on a change in 
stress acting on the link mechanism or a change in reaction 
stress generated in an area Subjected to the stress acting on the 
link mechanism, for example, the yoke covering the link 
mechanism, the spring cartridge, or an area where stress 
changes integrally with that in the spring cartridge. 
0098. In accordance with the motor-operated valve diag 
nostic method as claimed in claim 10, constructed as 
described above, it is possible to determine the preload of the 
spring cartridge with increased accuracy, as the time of the 
valve disc-to-seat contact can be detected accurately based on 
a change in stress. 
0099. The motor-operated valve diagnostic method 
according to claim 11 is a motor-operated valve diagnostic 
method as claimed in any one of claims 1 to 10, characterized 
in that the elastic characteristics of the spring cartridge is 
further determined by an externally-attached torque sensor, a 
spring pressing device, or a spring cartridge calibrator. 
0100. The spring pressing device herein is installed, in 
place of the worm position sensor, into the insertion hole 
where the spring cartridge is placed. This device presses the 
compression plate of the spring cartridge in the axial direction 
thereof and, while doing so, detects its pressing force. On the 
other hand, the device also detects the displacement of the 
compression plate using a non-contact type stroke sensor 
while remaining in contact with the compression plate. The 
device then determines the corresponding relation between 
the amount of the compression plate displacement and the 
pressing force. This relation in turn determines the elastic 
characteristics of the spring cartridge Such as the spring con 
stant or preload. 
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0101 The adaptor used for installing the spring pressing 
device into the insertion hole may be different from or the 
same as the one used for mounting the worm position sensor. 
When the same adapter is used, the number of components 
parts can be reduced. 
0102. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 11, con 
structed as described above, the externally-attached torque 
sensor, the spring pressing device, or the spring cartridge 
calibrator may be temporarily placed or installed to calibrate 
the elastic characteristics of the spring cartridge for verifica 
tion purpose. Consequently, even if the elastic characteristics 
of the spring cartridge Such as the spring constant change, the 
torque curve can be properly calibrated to accommodate this 
change in the elastic characteristics. Thus, by performing the 
calibration of the elastic characteristics during extensive 
maintenance of the motor-operated valve, for example, dur 
ing its periodic inspection, a diagnosis with enhanced accu 
racy can be achieved. 
0103) The motor-operated valve diagnostic method 
according to claim 12 is a motor-operated valve diagnostic 
method as claimed in any one of claims 1 to 11, characterized 
in that when a hysteresis exists in the elastic characteristics of 
the spring cartridge between the valve disc closing movement 
from the full open position and the valve disc opening move 
ment from the full close position, a spring pressing device 
added with the function of an externally-attached torque sen 
sor is used to determine the elastic characteristics of the 
spring cartridge in Such a manner that the elastic characteris 
tics of the spring cartridge for the valve disc opening move 
ment from the full close position are determined by means of 
the spring pressing device, while the elastic characteristics of 
the spring cartridge for the valve disc closing movement from 
the full open position are determined by the function of an 
externally-attached torque sensor, with the motor-operated 
valve in operation. 
0104. The disc springs of the spring cartridge are com 
pressed during both opening and closing of the valve disc. 
Thus, the theoretical assumption is that the disc springs would 
show the same elastic characteristics in either of these valve 
disc movements. In actuality, however, for a reason attribut 
able to how the disc springs stay or others, the elastic char 
acteristics are not always the same between the valve disc 
opening and closing, with a gap (i.e., a hysteresis) existing 
between these two movements. In Such a case, it is necessary 
to determine the torque curve separately for each of the two 
moVementS. 

0105. The function, added to the spring pressing device, to 
work as an externally-attached torque sensor refers to the 
conventional function of externally-attached sensors, that is, 
the capability of a load cell provided within the spring press 
ing device to measure a load pressing the load cell from where 
the spring cartridge is as well as the capability of the stroke 
sensor to measure displacement of the spring cartridge shaft 
(the displacement may be that of other part considered iden 
tical to the displacement of the spring cartridge shaft; the 
same applies hereinafter). The direction in which the spring 
pressing device applies a pressing force is the same as the 
direction into which the spring cartridge is compressed dur 
ing valve opening. On the other hand, the externally-attached 
sensor is adapted to detect a torque (or load acting on the 
spring cartridge) and amount of worm displacement during 
valve closing. 
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0106 AS explained, using the spring pressing device 
added with the function such as that of an externally-attached 
sensor that can detect a torque and an amount of worm dis 
placement during valve closing, the elastic characteristics of 
the spring cartridge during valve closing can be measured by 
the function of an externally-attached sensor, with the motor 
operated valve in operation. The elastic characteristics of the 
spring cartridge during valve opening, on the other hand, can 
be measured by the spring pressing device itself. In this case, 
it is not necessary that the motor-operated valve be in opera 
tion. Thus, measurement can be made at a time of user's 
choice. 
0107. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 12, con 
structed as described above, even if the elastic characteristics 
of the spring cartridge differs between valve disc opening and 
closing movements because of hysteresis, the elastic charac 
teristics for each of the two movements can be determined 
separately with high accuracy. 
0.108 Furthermore, by adding the function of an exter 
nally-attached torque sensor to the spring pressing device, it 
is possible to reduce not only the frequency of mounting and 
dismounting equipment on and from the motor-operated 
valve but also the number of component parts to be used, as 
compared to separate provision of an externally-attached 
torque sensor and a spring pressing device. It is further pos 
sible to determine the elastic characteristics of the spring 
cartridge efficiently for both the valve disc opening and clos 
ing movements. 
0109 The motor-operated valve diagnostic apparatus 
according to the invention is an apparatus for effecting the 
motor-operated valve diagnostic method of the invention. The 
apparatus detects, by means of a strain sensor or other type of 
stress sensor, stress generated in the link mechanism or the 
yoke at the starting time of the worm displacement, that is, at 
the starting time of the spring cartridge deformation, during 
motor-operated valve operation. Alternatively, the apparatus 
detects an elapsed time between a given reference time and 
the starting time of the worm displacement, using a timer or 
elapsed time counter (e.g., a time counter, a pulse counter). 
The apparatus then calibrates the torque curve based on the 
value thus detected, and based on the calibrated torque curve, 
produces a diagnosis of the motor-operated valve. 
0110. The motor-operated valve diagnostic apparatus 
according to claim 13 is an apparatus for diagnosing a motor 
operated valve, the motor-operated valve comprising a valve 
disc for opening and closing a given passage, a worm rotat 
ably driven by motor power, a link mechanism which opens 
and closes the valve disc with the rotational driving force 
transmitted from the worm, and a spring cartridge containing 
disc springs which expand or compress in response to reac 
tion force acting on the worm in its axial direction from the 
link mechanism, the apparatus being characterized by com 
prising a diagnostic device which calibrates the torque curve 
representing the elastic characteristics of the spring cartridge 
based on a load corresponding to a specific compression 
condition of the spring cartridge and including at least the 
preload of the spring cartridge and which then produces a 
diagnosis of the motor-operated valve based on the torque 
curve thus calibrated. 

0111. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 13, 
constructed as described above, the torque curve of the spring 
cartridge is calibrated based on the load corresponding to a 
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specific compression condition of the spring cartridge and 
including at least the preload of the spring cartridge, and 
based on the torque curve thus calibrated, a torque-related 
diagnosis of the motor-operated valve is produced. Accord 
ingly, an easy and quick diagnosis can beachieved on whether 
the torque-related characteristics of the motor-operated valve 
are appropriate or not. 
0112 The motor-operated valve diagnostic apparatus 
according to claim 14 is a motor-operated valve diagnostic 
apparatus as claimed in claim 13, characterized by further 
comprising a worm position sensor for detecting a condition 
of compression of the spring cartridge, which results from the 
aforementioned reaction force, as a worm axial displacement, 
and a stress sensor for detecting stress acting on the link 
mechanism or reaction stress generated in an area Subjected 
to the stress acting on the link mechanism, wherein the afore 
mentioned diagnostic device is configured to detect a load 
corresponding to the specific compression condition of the 
spring cartridge based on the stress detected by the stress 
sensor when the spring cartridge is under compression con 
dition, the load including at least the preload of the spring 
cartridge, and the compression condition including at least a 
compression condition at the starting time of the spring car 
tridge deformation detected by the worm position sensor. 
0113. When it is the worm absolute axial position that is to 
be detected, detection of the start of the worm displacement is 
to be made by the decision that there has been a change in the 
value of the absolute position being detected. The capability 
for generating this decision need not be incorporated in the 
worm sensor itself instead, it may be made part of the func 
tions of the diagnostic means (or diagnostic device). Further, 
an absolute position from the end Surface of the casing or the 
like to the spring cartridge shaft end (e.g., to the compression 
plate or to the end surface of the locknut provided at the spring 
cartridge shaft end) may be detected and this detected abso 
lute position may be used as diagnostic data. 
0114. When an output means (or output device) is pro 
vided, it may include a wide range of output devices: for 
example, a display, a monitor, or other display devices that 
output diagnostic results visually; a printer, a plotter, and 
other printing devices; and a flexible disc, CD-R, and other 
storage media. 
0115. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 14, stress 
acting on the link mechanism or reaction stress generated in 
an area subjected to the stress in the link mechanism is 
detected by the stress sensor when the spring cartridge is 
under compression condition. This compression condition 
includes at least a compression condition at the starting time 
of the spring cartridge deformation detected by the worm 
position sensor. The stress corresponds to a load correspond 
ing to a specific compression condition of the spring car 
tridge. This load includes at least the preload of the spring 
cartridge. Accordingly, the torque curve is calibrated, based 
on the load detected, for the corresponding specific compres 
sion condition, and based on the torque curve thus calibrated, 
a torque-related diagnosis of the motor-operated valve is pro 
duced. Accordingly, an easy and quick diagnosis can be 
achieved on whether the torque-related characteristics of the 
motor-operated valve are appropriate or not. 
0116 Furthermore, the apparatus is constructed to detect a 
load which corresponds to a specific compression condition 
of the spring cartridge based on the stress acting on the link 
mechanism or reaction stress generated in an area Subjected 
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to the stress acting on the link mechanism. Thus, installation 
of a large load cell or the like is not necessary to directly 
measure loadacting on the spring cartridge; nor is it necessary 
to remove the spring cartridge for taking measurement 
thereon. The apparatus is of a simple structure, and yet it can 
diagnose the condition of a motor-operated valve during its 
actual operation at low costs with high accuracy and with 
ease. It can also be installed on a motor-operated valve on a 
permanent basis. 
0117 The worm position sensor described above is a sen 
Sor which detects the starting time of the spring cartridge 
deformation as the starting time of the worm axial displace 
ment, or which detects the condition of spring cartridge com 
pression as the worm axial displacement. The worm position 
sensor is not limited to the above, as long as it can detect the 
starting time of the spring cartridge deformation or the con 
dition of the spring cartridge compression. 
0118. The aforementioned diagnostic means (or diagnos 
tic device) detects a load corresponding to a specific com 
pression condition of the spring cartridge based on the stress 
detected by the stress sensor at the time when the spring 
cartridge is under compression condition. The load includes 
at least the preload of the spring cartridge. The compression 
condition includes at least a compression condition at the 
starting time of the spring cartridge deformation detected by 
the worm position sensor. Accordingly, the torque curve of 
the spring cartridge is calibrated based on the load detected, 
and based on the torque curve thus calibrated, a torque-related 
diagnosis of the motor-operated valve is produced. Accord 
ingly, an easy and quick diagnosis can beachieved on whether 
the torque-related characteristics of the motor-operated valve 
are appropriate or not. 
0119 Furthermore, the diagnosis can be made not only 
during plant outage but also during plant operation. This 
permits inspection activities which tend to concentrate in an 
outage period to be spread out. 
I0120 When the motor-operated valve diagnostic appara 
tus of the invention as claimed in claim 14 is constructed in 
Such a way that “the starting time of the spring cartridge 
deformation caused by the act of compression thereon which 
results from the reaction force acting on the worm in its axial 
direction is detected as the starting time of the worm axial 
displacement, detection of the starting time of the worm 
axial displacement and of a given physical quantity corre 
sponding to the preload of the spring cartridge at the starting 
time of the worm axial displacement will make it possible to 
detect, based on this detected physical quantity, the preload of 
the spring cartridge. Accordingly, a construction like this is 
extremely useful where a diagnosis is made on the motor 
operated valve based on the preload. 
I0121 The motor-operated valve diagnostic apparatus 
according to claim 15 is a motor-operated valve diagnostic 
apparatus as claimed in claim 14, characterized in that the 
stress sensor is configured to detect the reaction stress gener 
ated in the yoke covering the link mechanism, in the spring 
cartridge, or in an area where stress changes integrally with 
that in the spring cartridge. 
I0122) An area where stress changes integrally with that in 
the spring cartridge is, for example, a cover provided at the 
spring cartridge shaft end in contact therewith or an adaptor 
attached in place of the cover. In accordance with the motor 
operated valve diagnostic apparatus of the invention as 
claimed in claim 15, the stress sensor detecting reaction stress 
generated in an area subjected to stress acting on the link 
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mechanism is adapted to detect reaction stress generated in 
the yoke covering the link mechanism, or in the spring car 
tridge, or in an area where stress changes integrally with that 
in the spring cartridge. Thus, installation of a large load cellor 
the like is not necessary; nor is it necessary to remove the 
spring cartridge for taking measurement thereon. The appa 
ratus is of a simple structure, and yet it can diagnose the 
condition of a motor-operated valve during its actual opera 
tion at low costs with high accuracy, when mounted on a 
motor-operated valve on a permanent basis. 
0123. Further, the torque curve is calibrated, based on the 
load detected by the worm position sensor, for the corre 
sponding specific compression condition, and based on the 
torque curve thus calibrated, a torque-related diagnosis of the 
motor-operated valve is produced. Accordingly, an easy and 
quick diagnosis can be achieved on whether the torque-re 
lated characteristics of the motor-operated valve are appro 
priate or not. 
0.124. Still further, the diagnosis can be made not only 
during plant outage but also during plant operation. This 
permits inspection activities which tend to concentrate in an 
outage period to be spread out. 
0.125. The motor-operated valve diagnostic apparatus 
according to claim 16 is a motor-operated valve diagnostic 
apparatus as claimed in claim 13, characterized by compris 
ing a worm position sensor for detecting the starting time of 
the spring cartridge deformation, caused by the act of com 
pression thereon resulting from the aforementioned reaction 
force, as the starting time of the worm axial displacement, and 
a timer for measuring an elapsed time between a given refer 
ence time and the starting time of the spring cartridge defor 
mation, wherein the aforementioned diagnostic device is con 
figured to detect the preload of the spring cartridge based on 
the elapsed time measured by the timer. 
0126 The timer (or elapsed time counter) is not limited to 
a device that measures an elapsed time, that is, a time interval 
(a relative time from the reference time), but may be of the 
type that specifies an absolute time (a point in time). 
0127. When the timer (or elapsed time counter) is of the 
type that specifies an absolute time, an elapsed time is to be 
determined by calculating a time difference between the ref 
erence time and the starting time of the worm displacement. 
The capability for calculating this time difference need not be 
incorporated in the timer (or elapsed time counter) itself 
instead, it may be made part of the functions of the diagnostic 
means (or diagnostic device). 
0128. In addition, the timer (or elapsed time counter) need 
not be a physically independent component; instead, it may 
be provided as part of the functions of the diagnostic means 
(or diagnostic device). 
0129. The given reference time is a time when the valve 
disc contacts the valve seat or a time when a specified position 
on the valve stem or other part of the link mechanism passes 
a specified position. To detect a point in time Such as these, a 
stress sensor that detects the time of the valve disc-to-seat 
contact or a position sensor that detects a time when a speci 
fied point on the link mechanism passes a specified position, 
and the like may be used. 
0130. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 16. 
constructed as described above, the preload of the spring 
cartridge is detected based on the elapsed time between the 
given reference time detected by the time measure (or timer) 
and the starting time of the spring cartridge deformation. 
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Thus, installation of a large load cell or the like is not neces 
sary to directly measure load acting on the spring cartridge; 
nor is it necessary to remove the spring cartridge for taking 
measurement thereon. It is not necessary, either, to attach a 
stress sensor to the link mechanism, the yoke, or other part to 
determine a value of stress. Thus the apparatus is of an even 
simpler structure, and yet it can diagnose the condition of a 
motor-operated valve during its actual operation at low costs 
with high accuracy, when mounted on a motor-operated 
valve. 

I0131 Further, the torque curve of the spring cartridge is 
calibrated based on the preload mentioned above, and based 
on the torque curve thus calibrated, a torque-related diagnosis 
of the motor-operated valve is produced. Accordingly, an 
easy and quick diagnosis can be achieved on whether the 
torque-related characteristics of the motor-operated valve are 
appropriate or not. 
0.132. Further, the diagnosis can be made not only during 
plant outage but also during plant operation. This permits 
inspection activities which tend to concentrate in an outage 
period to be spread out. 
0.133 Still further, because of its simple structure, the 
apparatus can be installed on a motor-operated valve on a 
permanent basis. 
I0134. The motor-operated valve diagnostic apparatus 
according to claim 17 is a motor-operated valve diagnostic 
apparatus as claimed in claim 16, characterized in that the 
aforementioned given reference time is the time when the 
valve disc contacts the valve seat, and in that the apparatus 
comprises a stress sensor which detects the time of the valve 
disc-to-seat contact based on a change in stress acting on the 
link mechanism or a change in reaction stress generated in an 
area subjected to the stress acting on the link mechanism, 
Such as the yoke covering the link mechanism, the spring 
cartridge, or an area where stress changes integrally with that 
in the spring cartridge. 
I0135) In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in 17, constructed 
as described above, it is possible to detect the time of the valve 
disc-to-seat contact accurately using a change in stress. Thus, 
the preload of the spring cartridge can be determined with 
increased accuracy. 
0.136 The motor-operated valve diagnostic apparatus 
according to claim 18 is a motor-operated valve diagnostic 
apparatus as claimed in any one of claims 13 to 17, charac 
terized by further comprising an externally-attached torque 
sensor, a spring pressing device, or a spring cartridge calibra 
tor for detecting the elastic characteristics of the spring car 
tridge. 
0.137 In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 18, 
constructed as described above, the externally-attached 
torque sensor, the spring pressing device, or the spring car 
tridge calibrator may be temporarily placed or installed to 
calibrate the elastic characteristics of the spring cartridge for 
Verification purpose. Consequently, even if the elastic char 
acteristics of the spring cartridge such as the spring constant 
change, the torque curve can be properly calibrated to accom 
modate this change in the elastic characteristics. Thus, by 
performing the calibration of the elastic characteristics during 
extensive maintenance of the motor-operated valve, for 
example, during its periodic inspection, a diagnosis with 
enhanced accuracy can be achieved. 
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0.138. The externally-attached torque sensor, the spring 
pressing device, or the spring cartridge is to be placed or 
installed temporarily. Thus, it is preferable that they be 
mounted and dismounted easily. 
0.139. The motor-operated valve diagnostic apparatus as 
according to claim 19 is a motor-operated valve diagnostic 
apparatus as claimed in any one of claims 13 to 18, charac 
terized in that when a hysteresis exists in the elastic charac 
teristics of the spring cartridge between the valve disc closing 
movement from the full open position and the valve disc 
opening movement from the full close position, the spring 
pressing device added with the function of an externally 
attached torque sensor is used to determine the elastic char 
acteristics of the spring cartridge in Such a manner that the 
elastic characteristics of the spring cartridge for the valve disc 
opening movement from the full close position are deter 
mined by means of the spring pressing device, while the 
elastic characteristics of the spring cartridge for the valve disc 
closing movement from the full open position are determined 
using the function of an externally-attached torque sensor, 
with the motor-operated valve in operation. 
0140. The function, added to the spring pressing device, to 
work as an externally-attached torque sensor refers to the 
capability of the load cell provided within the spring pressing 
device to measure load pressing the load cell from where the 
spring cartridge is as well as the capability of the stroke sensor 
to measure displacement of the spring cartridge shaft 
0141. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 19, 
constructed as described above, even if the elastic character 
istics of the spring cartridge differs between Valve disc open 
ing and closing movements because of hysteresis, the elastic 
characteristics for each of the two movements can be deter 
mined separately with high accuracy. 
0142 Further, by adding the function of an externally 
attached torque sensor to the spring pressing device, it is 
possible to reduce not only the frequency of mounting and 
dismounting equipment on and from the motor-operated 
valve but also the number of component parts to be used, as 
compared to separate provision of an externally-attached 
torque sensor and a spring pressing device. It is further pos 
sible to determine the elastic characteristics of the spring 
cartridge efficiently for both the valve disc opening and clos 
ing movements. 
0143. The motor-operated valve diagnostic apparatus 
according to claim 20 is a motor-operated valve diagnostic 
apparatus as claimed in claim 18 or 19, characterized in that 
the spring pressing device is installed to the motor-operated 
valve exchangeably with the worm position sensor. 
0144. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 20, 
constructed as described above, it is possible to easily change 
the worm position sensor mounted on the motor-operated 
valve with the spring pressing device to effect calibration of 
the elastic characteristics of the spring cartridge. Accord 
ingly, calibration activities for the elastic characteristics can 
be reduced. 
0145 The motor-operated valve diagnostic apparatus 
according to claim 21 a motor-operated valve diagnostic 
apparatus as claimed in any one of claims 14 to 20, charac 
terized in that the worm position sensor is mounted on the 
motor-operated valve with the use of an adapter, the adapter 
being placed between the worm position sensor and the 
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motor-operated valve, replacing the cover covering the spring 
cartridge and having an insertion length almost identical to 
that of the cover. 
0146 In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 21, 
constructed as described above, an adapter having an inser 
tion length almost identical with that of the cover replaces the 
cover. Thus, during the motor-operated valve operation with 
the adapter fitted, it is possible for the spring cartridge to 
operate under the almost same condition as the condition with 
the cover fitted. Accordingly, a diagnosis with increased accu 
racy can be made on the motor-operated valve during its 
actual operation. 
0147 Moreover, the worm displacement starting position 
can be controlled using an absolute position of the spring 
cartridge relative to the reference position on the motor-op 
erated valve with the adaptor fitted. Thus, even in cases where 
there is a slight error in the insertion length between the cover 
and the adapter or where the adapter is changed with another 
having a slightly different insertion length, it is possible to 
correct these errors and differences based on the absolute 
position, thereby enabling an accurate determination of the 
preload. 
0.148. The motor-operated valve diagnostic apparatus 
according to claim 22 is a motor-operated valve diagnostic 
apparatus as claimed in any one of claims 13 to 21, charac 
terized in that the worm position sensor comprises a laser 
sensor which detects the position of an object by irradiating a 
laser beam onto the object and detecting light reflected there 
from. 
0149. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 22, 
constructed as described above, the worm position sensor 
comprises a laser sensor. Accordingly, non-contact detection 
of a distance to an object is possible with high speed response 
and with high accuracy. 
0150. The motor-operated valve diagnostic apparatus 
according to claim 23 is a motor-operated valve diagnostic 
apparatus as claimed in any one of claims 13 to 22, charac 
terized by further comprising an output device for outputting 
acceptance criteria relating to the diagnostic results or for the 
diagnostic data together with the diagnostic results and/or 
diagnostic data. 
0151. The acceptance criteria relating to the diagnostic 
results and the diagnostic data refers to the acceptance criteria 
(including reasons for decisions and explanatory notes) used 
for making a decision on the result of torque-related diagnosis 
using the torque curve and other data obtained. Outputting the 
acceptance criteria together with the diagnostic result or out 
putting the acceptance criteria together with the diagnostic 
data will help the user of the motor-operated valve diagnostic 
apparatus recognize a reason or a basis why that particular 
diagnostic result and/or data have been output. Thus, the 
apparatus is quite user friendly. 
0152. Further, the motor-operated valve diagnostic 
method and apparatus of the invention detects a given physi 
cal quantity at the starting time of the worm displacement 
generated during the motor-operated valve operation, and 
from this detected physical quantity, the preload of the spring 
cartridge is detected to produce a diagnosis of the condition of 
the motor-operated valve. 
0153. That is, the motor-operated valve diagnostic method 
of the invention according to claim 24 is a method for diag 
nosing a motor-operated valve, the motor-operated valve 
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comprising a valve disc for opening and closing a given 
passage, a worm rotatably driven by an electromotive force, a 
link mechanism which opens and closes the valve disc with 
the rotational driving force transmitted from the worm, and a 
spring cartridge containing disc springs which expand or 
compress in response to reaction force acting on the worm in 
its axial direction from the link mechanism, the method being 
characterized in that the start of the worm axial displacement 
resulting from the reaction force is detected, in that a given 
physical quantity corresponding to the preload of the spring 
cartridge at the starting time of the worm displacement is 
detected, and in that a preload of the spring cartridge is 
detected from the detected physical quantity. 
0154 As explained, in accordance with the motor-oper 
ated valve diagnostic method of the invention as claimed in 
claim 24, a given physical quantity at the starting time of the 
worm axial displacement corresponds to the preload of the 
spring cartridge; it is therefore possible to determine the 
preload of the spring cartridge based on the physical quantity 
detected. 

0155 Accordingly, by detecting the preload determined as 
described above, it is possible to determine the torque curve in 
which the effects of wear or the like on the disc springs are 
reflected. Thus, an easy and quick diagnosis can be achieved 
on whether the torque-related characteristics of the motor 
operated valve are appropriate or not. 
0156 Additionally, as there is no need to directly measure 
the load acting on the spring cartridge itself installation of a 
large load cell or the like is not necessary. Nor, is it necessary 
to remove the spring cartridge from the motor-operated valve 
for taking measurement thereon. The diagnostic apparatus 
can thus be installed permanently on a motor-operated valve, 
enabling an easy diagnosis of a motor-operated valve during 
its actual operation at low costs with high accuracy. 
0157. The motor-operated valve diagnostic method 
according to claim 25 is a motor-operated valve diagnostic 
method as claimed in claim 24, characterized in that a torque 
curve representing the elastic characteristics of the spring 
cartridge is calibrated based on the detected preload of the 
spring cartridge, and in that a diagnosis of the motor-operated 
valve is made based on the torque curve thus calibrated. 
0158. In accordance with the motor-operated valve diag 
nostic method of the invention as claimed in claim 2, con 
structed as described, it is possible to determine the torque 
curve of the spring cartridge, based on the preload of the 
spring cartridge, for the corresponding specific condition of 
the spring cartridge, and by calibrating the original torque 
curve to the one thus determined, it is possible to achieve an 
easy and quick diagnosis on whether the torque-related char 
acteristics of the motor-operated valve are appropriate or not. 
0159. The motor-operated valve diagnostic apparatus of 
the invention is an apparatus for effecting the motor-operated 
valve diagnostic method of the invention. The apparatus 
detects, by means of a strain sensor or the like, stress acting on 
the link mechanism or the yoke at the starting time of the 
worm displacement during motor-operated valve operation. 
Alternatively, the apparatus detects a change in the elapsed 
time between the given reference time and the starting time of 
the worm displacement by means of a timer or elapsed time 
counter (e.g., time counter, a pulse counter). Based on the 
value thus detected, a diagnostic device or diagnostic means 
then detects the preload of the spring cartridge containing the 
disc springs to produce a diagnosis of a motor-operated valve. 
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0160 That is, the motor-operated valve diagnostic appa 
ratus according to claim 26 is a motor-operated valve diag 
nostic apparatus for diagnosing a motor-operated valve, the 
motor-operated valve comprising a valve disc for opening and 
closing a given passage, a worm rotatably driven by motor 
power, a link mechanism which opens and closes the valve 
disc with the rotational driving force transmitted from the 
worm, and a spring cartridge containing disc springs which 
expand or compress in response to reaction force acting on the 
worm in its axial direction from the link mechanism, the 
apparatus being characterized by comprising a worm position 
sensor mounted on the motor-operated valve for detecting the 
start of the worm axial displacement, a stress sensor attached 
to the link mechanism for detecting stress acting on the link 
mechanism, a diagnostic device or diagnostic means for diag 
nosing the motor-operated valve based on the preload of the 
spring cartridge, the preload being detected based on the 
stress detected by the stress sensor at the starting time of the 
worm displacement detected by the worm position sensor, 
and an output device or output means for outputting the 
diagnostic results and/or diagnostic data obtained by the diag 
nostic device or diagnostic means. 
0.161 When it is the worm absolute axial position that is to 
be detected, detection of the start of the worm displacement is 
to be made by the decision that there has been a change in the 
value of the absolute position being detected. The capability 
for generating this decision need not be incorporated in the 
worm sensor itself instead, it may be made part of the func 
tions of the diagnostic device or diagnostic means. 
0162. In addition, an absolute position from the end sur 
face of the casing or the like to the end Surface of the spring 
cartridge shaft may be detected and this detected absolute 
position may be used as diagnostic data. 
0163 An output device or output means may include a 
wide range of output devices: for example, a display, a moni 
tor, or other display devices that output diagnostic results 
visually; a printer, a plotter, and other printing devices; and a 
flexible disc, CD-R, and other storage media. 
0164. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in 26, constructed 
as described above, the stress in the link mechanism, which is 
detected by the stress sensor at the starting time of the worm 
displacement detected by the worm position sensor, corre 
sponds to the preload of the spring cartridge. Thus, installa 
tion of a large load cell or the like is not necessary to directly 
measure loadacting on the spring cartridge; nor is it necessary 
to remove the spring cartridge for taking measurement 
thereon. The apparatus is of a simple structure, and yet it can 
diagnose the condition of a motor-operated valve during its 
actual operation at low costs with high accuracy and with 
ease. It can also be installed on the motor-operated valve on a 
permanent basis. 
0.165. The diagnosis device or diagnosis means then 
detects the preload of the spring cartridge based on the stress 
detected, determines the torque curve in which the effects of 
wear or the like on the disc springs are reflected. Accordingly, 
a diagnosis is produced on whether the torque-related char 
acteristics of the motor-operated valve are appropriate or not, 
with the output device or output means outputting the diag 
nostic results or diagnostic data. 
0166 The diagnosis can be made whether a plant is in 
operation or at outage, permitting inspection activities which 
tend to concentrate in an outage period to be spread out. 
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0167. The motor-operated valve diagnostic apparatus 
according to claim 27 is a motor-operated valve diagnostic 
apparatus as claimed in claim 26, characterized in that the 
aforementioned diagnostic device or diagnostic means cali 
brates the torque curve representing the elastic characteristics 
of the spring cartridge and, based on the torque curve thus 
calibrated, produces a diagnosis of the motor-operated valve. 
0.168. In accordance with the motor-operated valve diag 
nostic apparatus of the invention as claimed in claim 27. 
constructed as described above, it is possible to determine the 
torque curve of the spring cartridge, based on the preload of 
the spring cartridge, for the corresponding specific condition 
of the spring cartridge, and by calibrating the original curve to 
the one thus determined, it is possible to achieve an easy and 
quick diagnosis on whether the torque-related characteristics 
of the motor-operated valve are appropriate or not. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0169 FIG. 1 is a block diagram showing one embodiment 
of the motor-operated valve diagnostic apparatus for practic 
ing the motor-operated valve diagnostic method of this inven 
tion. 
0170 FIGS. 2(a) and 20h) show a motor-operated valve to 
which the motor-operated valve diagnostic apparatus shown 
in FIG. 1 is to be applied, wherein FIG. 2(a) is a perspective 
view of the main components of the valve, while FIG. 2(b) is 
a cross sectional view of the drive sleeve of the valve. 
(0171 FIGS.3(a)-3(c) show details of the spring cartridge, 
wherein FIG. 3(a) is a sectional view showing the spring 
cartridge with a worm position sensor mounted thereto; FIG. 
3(b) is a view seen from the arrow A of FIG.3(b); and FIG. 
3(c) is a sectional view showing the spring cartridge before a 
worm position sensor is mounted. 
0172 FIG. 4(a) is a graph showing a corresponding rela 
tion between the elapsed time T and the position X of the 
Worm; 
0173 FIG. 4(b) is a graph showing a corresponding rela 
tion between the elapsed time T and the stress O of the valve 
stem; and 
0174 FIG. 4(c) is a graph showing a corresponding rela 
tion between the stress O and the load F acting on the disc 
springs (load acting on the spring cartridge). 
0175 FIG. 5 is a graph showing a change in the torque 
CUV. 

0176 FIG. 6 is a sectional view showing a spring pressing 
device to be installed temporarily on the motor-operated 
valve. 

0177 FIG. 7 is a block diagram showing another embodi 
ment of the motor-operated valve diagnostic apparatus for 
practicing the motor-operated valve diagnostic method of this 
invention. 
0.178 FIG. 8(a) is a graph showing a corresponding rela 
tion between the time difference AT and the change AX in the 
amount of pre-compression, AT being a difference in time 
duration between the reference elapsed time T0 before wear 
occurs on the disc springs and the elapsed time T after wear 
has occurred, and AX being the change in the amount of 
pre-compression of the disc springs 15, namely, the amount of 
Wea. 

0179 FIG. 8(b) is a graph showing a corresponding rela 
tion between the change AX in the amount of pre-compression 
of the disc springs and the preload F. 
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0180 FIG. 9 is a schematic sectional view showing the 
valve disc of the motor-operated valve in contact with the 
valve seat in the valve body. 
0181 Reference numerals denote the following compo 
nent parts. 
10 designates a motor-operated valve, 11 a motor, 12 a worm, 
13 a spring cartridge, 14 a shaft, 15 a disc springs, 16 a limit 
sleeve, 17a and 17b spacers, 18 a locknut, 18a an end surface, 
19 a cover, 20 a gear, 20a and 22a projections, 21 a stem nut, 
22a drive sleeve, 23 a torque switch (limit switch), 24 a valve 
stem, 25 a valve disc, 30 a casing, 31 a yoke, 50 a worm 
position sensor, 51 an adaptor. 52 a stay, 53 a laser sensor. 60 
a stress sensor, 61 a stress sensor, 62 a timer (timer: elapsed 
time counter), 70 a diagnostic device, 71 and 72 LUT (refer 
ence table), 81 a monitor, 82 a printer, 90 a spring pressing 
device, 91 a contact Support, 92 a linear gauge, 93 a pressing 
handle, 94 a load cell, 95 a pressing screw, 100 a motor 
operated valve diagnostic apparatus, and 200 designates a 
pipe. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0182 Hereunder, specific embodiments of the motor-op 
erated valve diagnostic method and apparatus of the invention 
will be described in detail referring to the drawings. 

Embodiment 1 

0183 FIG. 1 is a block diagram showing one embodiment 
of the motor-operated valve diagnostic apparatus for practic 
ing the motor-operated valve diagnostic method of this inven 
tion. FIG.2 shows a motor-operated valve to which the motor 
operated valve diagnostic apparatus 100 shown in FIG. 1 is to 
be applied. 
0184. A motor-operated valve 10 of FIG. 1 is installed in a 
pipe 200 in a nuclear powerplant, for example, and comprises 
a valve disc 25 for opening and closing a passage in the pipe 
200, a worm 12 rotatably driven by motor power of the motor 
11, a gear 20 constituting part of the link mechanism to open 
and close the valve disc 25, a drive sleeve 22, a stem nut 21 
(see FIG. 2(b)) provided within the drive sleeve 22 and rotat 
ing together with the drive sleeve 22, a valve stem 24 engag 
ing the stem nut 21, a spring cartridge 13 containing disc 
springs 15 (see FIG.3) which expand or compress in response 
to reaction force acting on the worm 12 in the axial X direc 
tion from the link mechanism, a torque Switch 23 which stops 
current flow to the motor 11 when the displacement of the 
work 12 reaches a predetermined amount, and a casing 30 
covering the worm 12, the link mechanism, and the spring 
cartridge 13. 
0185. As shown in the sectional view of FIG. 3(c), the 
spring cartridge 13 comprises a shaft 14 moving in axial 
direction integrally with the worm 12, an inner spacer (com 
pression plate) 17a moving in the X direction together with 
the shaft 14 while compressing the disc springs 15 when the 
spring cartridge 13 is compressed in the X direction, a plu 
rality of the disc springs 15 fitted around the shaft 14 with the 
shaft 14 penetrating the center of the disc springs 15, an outer 
spacer (compression plate) 17b which holds the disc springs 
15 in the axial direction in combination with the inner spacer 
17a and which moves in the -X direction together with the 
shaft 14 while compressing the disc springs 15 when the 
spring cartridge 13 is compressed in the -X direction as 
opposed to the X direction, and a tubular limit sleeve 16 
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mounted between the inner spacer 17a and the outer spacer 
17b with a specified space provide between the inner spacer 
17a and the inner spacer 17b. 
0186 The limit sleeve 16 physically restrains the distance 
between the inner spacer 17a and the outer spacer 17b, 
thereby restraining the amount of axial displacement of the 
disc springs 15 resulting from the compression thereof. 
0187. On the other hand, when the displacement of the 
worm 12 reaches a predetermined amount, a contact of the 
torque switch23 opens and stops current flow to the motor 11, 
thereby electrically restraining the rotation of the worm 12. 
The torque switch 23 is set to be actuated when the torque 
reaches a predetermined value and before the inner spacer 
17a and the outer spacer 17b contact the limit sleeve 16. 
0188 The disc springs 15 elastically deform according to 
the Hooke's law. The disc springs 15 are placed between the 
inner spacer 17a and the outer spacer 17b compressed by the 
amount of pre-compression x0, and are under the preload F0 
(=kx0). 
0189 Under this condition, the outer spacer 17b, being in 
contact with a cover 19 fit to the casing 30, is restrained to 
move in the axially outward X direction, while the inner 
spacer 17a is restrained to move in the axially inward direc 
tion-X by the casing 30. 
(0190. When the motor 11 is operated to move the valve 
disc 25 from its open position to its close position, the driving 
force from the motor 11 rotates the worm 12, which in turn 
rotates the gear 20 engaging the worm 12. When the gear 20 
rotates by a predetermined angle, a projection 20a made on 
the gear 20 contacts and presses a projection 22a made on the 
drive sleeve 22. 
0191) When the drive sleeve 22 receives this pressing 
force (torque), it rotates together with the gear 20. This in turn 
rotates the stem nut 21 located within the drive sleeve 22. 
0.192 Initially, there exists a gap between the leading flank 
of the stem nut 21 thread and that of the valve stem 24 thread. 
However, with the rotation of the stem nut 21, leading flanks 
of the stem nut 21 threads and those of the valve stem 24 
threads come into contact with each other. As the stem nut 21 
continues to rotate, the valve stem 24 descends in the direc 
tion shown by the arrow Y. 
0193 As the valve stem 24 further descends, the valve disc 
25 is pressed downward to close the passage in the pipe 200. 
0194 If Tk is an elapsed time from the reference time to a 
time when the valve disc 25 contacts the valve seat in the 
valve body (see FIG. 9), then the valve stem 24 receives 
reaction stress O from the pipe 200 after Tk has elapsed. 
0.195 As shown in FIG. 4(b), the corresponding relation 
between the elapsed time Tk and the stress O generated in the 
valve stem 24 is that the stress Oremains Zero until the valve 
disc contacts the valve seat (in actuality, the valve stem 
receives stress from the worm reacting to the sliding resis 
tance of a packing or others, but the stress O may be regarded 
as Zero until Tk has elapsed when standardized with all these 
stresses taken into account), and then increases with time T 
after the valve disc-to-seat contact, that is, after Tk has 
elapsed. The stress O reaches maximum when the valve disc 
25 is in the close position which corresponds to the worm 
position at which the torque switch 23 is actuated. After this 
time, the stress O remains constant at the maximum. 
0196. The stress O generated in the valve stem 24 is trans 
mitted to and move the worm in the axial X direction accord 
ing to a specific corresponding relation. However, the worm 
12 is subjected to the preload F0 of the spring cartridge 13 

Jan. 15, 2009 

acting in the -X direction as opposed to the axial X direction. 
Therefore, the worm 12 will not begin to move in the axial X 
direction until the stress O generated in the valve stem 24 
reaches a specific point of the corresponding relation between 
the stress O and the preload F0. 
0.197 FIG. 4 schematically explains these relations. As 
shown in FIG. 4(b), the stress acting on the valve stem 24 
reaches OO when a given time T0 (time elapsed from the valve 
disc-to-seat contact (TO-Tk)) has elapsed from the reference 
time. When this stress O0 corresponds to the preload F0 of the 
spring cartridge 13, the worm 12 begins to move in the X 
direction at this point (T-T0). 
0198 The corresponding relation between the displace 
ment of the worm12 and the elapsed time T is shown by the 
solid line in FIG. 4(a). 
0199 FIG.4(c) shows the corresponding relation between 
the stress O acting on the valve stem 24 and the load F applied 
to the worm 12. The load F applied on the worm when the 
stress O acting on the valve stem 24 reaches O'0, that is, when 
the worm 12 begins to move, corresponds to the preload F0 of 
the spring cartridge 13. 
0200 Next, the motor-operated valve diagnostic appara 
tus 100 according to this embodiment is explained. 
0201 FIG. 1 is a block diagram showing this embodiment 
of the motor-operated valve diagnostic apparatus 100. In this 
embodiment, a worm position sensor 50 (see FIG. 3(a)) is 
provided, replacing the cover 19 (see FIG. 3(c)) fit over the 
shaft outer end of the spring cartridge 13. The motor-operated 
valve diagnostic apparatus 100 in this embodiment comprises 
the worm position sensor S0, a stress sensor 60 (Strain gauges, 
etc.), a diagnostic device 70, a monitor 81, and a printer 82. 
The worm position sensor 50 detects the axial position of the 
end surface 18 of the locknut 18 attached at the end of shaft 
14, the shaft 14 moving integrally with the worm 12 in the 
axially outward in the X direction. The stress sensor 60 is 
mounted on the valve stem 24, which constitutes part of the 
link mechanism, for detecting the stress O generated in the 
valve stem 24 in the axial direction Y. The diagnostic device 
70 produces a diagnosis of the motor-operated valve 10 based 
on the torque curve of the spring cartridge 13 shown in FIG. 
5, the torque curve being calibrated based on the preload F of 
the spring cartridge. This preload F is detected based on the 
stress O detected by the stress sensor 60 at the time when the 
position of the end surface 18 of the locknut 18 monitored by 
the worm position sensor 50 changes. The monitor 81 dis 
plays the diagnostic results and data (preload, torque curve, 
etc.), while the printer 82 prints them. 
0202 The worm position sensor 50 comprises an adaptor 
51 mounted in place of the cover 19 shown in FIG.3(c) using 
the bolt holes used for fitting the cover 19, a stay 52 set upright 
on this adapter, and a laser sensor 53 fixed to the stay 52 and 
configured to detect a distance in the axial X direction to the 
end surface 18a of the locknut 18 located at the shaft end of 
spring cartridge 13. 
(0203. An LVDT (“Linear Variable Differential Trans 
former') may be used in place of the laser sensor 53. 
0204 The adaptor 51 has almost the same fitting depth 
(insertion length) as the cover 19 has in the insertion hole of 
the casing 30 which houses the spring cartridge 13. The initial 
compression length (the amount of pre-compression) of the 
disc springs 15 is set to be the same whether it is the cover 
(FIG.3(c)) or the adapter (FIG.3(a)) that is fit to the valve. 
0205 The laser sensor 53 provides continuous and non 
contact detection of the distance to the end surface 18a of the 
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locknut 18, Sampling at high speed. The distance detected is 
input into the diagnostic device 70. 
0206. The diagnostic device 70 is provided with a refer 
ence table (hereinafter referred to as the “LUT short for 
“Look-up Table') of the corresponding relation shown in 
FIG.4(c) between the stress O and the load F. The load F is one 
(i.e., load acting on the spring cartridge) of the elements 
constituting the elastic characteristics of the spring cartridge 
13. The diagnostic device 70 refers to the LUT 71 and detects 
the preload F of the spring cartridge 13 based on the stress O 
which the distance to the end surface 18a of the locknut 18 
begins to change, that is, at which the worm 12 begins to 
move. The diagnostic device 70 then determines the torque 
curve shown in FIG. 5 based on the preload F thus detected. 
0207. The diagnostic device 70 produces a diagnosis on 
whether the torque-related characteristics of the motor-oper 
ated valve 10 are appropriate or not during continuous move 
ment of the valve disc 25 from the full open to the full close 
position and vice versa, based on a change in the signals 
transmitted continuously from the worm position sensor 13 
and the like. 
0208 Next, the function (motor-operated valve diagnostic 
method) of the motor-operated valve diagnostic apparatus 
100 according to this embodiment is explained. 
0209 Current is flown to operate the motor 11, as afore 
mentioned, so that the valve disc can be closed from the full 
open position. 
0210. The operation of motor 11 rotates the worm 12, 
which in turn rotates the gear 20 engaging the worm 12. When 
the gear 20 rotates by a predetermined angle, the projection 
20a made on the gear 20 presses the projection 22a made on 
the drive sleeve 22 to rotate the drive sleeve 22. 
0211. The rotation of the gear 20 also rotates the stem nut 
21 provided within the drive sleeve 22. When leading flanks 
of the stem nut 21 threads and those of the valve stem 24 
threads are in contact with each other, the valve stem 24 
descends as the stem nut 21 rotates. Consequently, the valve 
disc 25 descends to close the passage in the pipe 200. 
0212. During this time, inputs are coming into the diag 
nostic device 70 from the worm position sensor 50 and the 
stress sensor 60, the former providing the distanceX to the end 
surface 18a of the locknut 18 and the latter providing the 
stress O generated in the valve stem 24. The diagnostic device 
70 detects a time when the distance X changes in response to 
the start of the spring cartridge 13 deformation, that is, a time 
when the worm 12 begins to move in response to the start of 
the spring cartridge 13 deformation. The diagnostic device 70 
also detects the stress O at the time thus detected, refers this 
detected stress O to the LUT 71 (FIG.4(c)), and calculates the 
preload F of the spring cartridge 13 at this specific time. 
0213 If the disc springs 15 are in their initial condition 
with no wear at all, the calculated preload F of the spring 
cartridge 13 is F0 as designed. 
0214. The diagnostic device 70 then determines the torque 
curve (the solid line in FIG. 5) stored therein based on this 
calculated preload F and makes a judgment that the torque 
curve need not be calibrated (i.e., the spring cartridge 13 is 
Sound). Then, based on this torque curve, the diagnostic 
device 70 produces a diagnosis on whether the torque-related 
characteristics of the motor-operated valve 10 are appropriate 
or not. The diagnostic results are output in the monitor 81 or 
the printer 82 for each of the predefined diagnostic items. 
0215. Together with the diagnostic results, the diagnostic 
data may be displayed in the monitor 81 and printed out by the 

Jan. 15, 2009 

printer 82. These data may include Tk, which is the elapsed 
time elapsed from the reference time to the time when stress 
is generated in the valve stem 24 or in the yoke 31, and T0. 
which is the elapsed time from the reference time to the 
starting time of the worm 12 displacement, the reference time 
being the time when a specified point on the valve stem 24 
passes a specified position. The data may also include stress O 
detected by the stress sensor 60 at the starting time of the 
worm 12 displacement and the calculated preload F0. 
0216 Further, other information such as acceptance crite 
ria which justify or Support the diagnostic results may also be 
output. Outputting information Such as acceptance criteria 
will help the user understand the diagnosis results and others, 
making the diagnostic apparatus user-friendly. 
0217. The laser sensor 53 measures the distance to the end 
surface 18a of the locknut 18. If the absolute position of the 
end surface 18a of the locknut 18 is the distance LX from the 
reference surface Z., which is the end surface of the casing 30 
of the motor-operated valve 10 (see FIG. 3), the distance LX 
has the following relation with the distance La and the dis 
tance Lb: La--Lb=LX--L (L is a value measured by the laser 
sensor 53). In this expression, the distance La is the distance 
between the reference surface Z and the end surface of 
adapter 51, while the distance Lb is the distance from the end 
surface of adapter 51 to the laser sensor 53. Thus, the absolute 
position LX of the end surface 18a of the locknut 18 relative to 
the reference surface Z is given by: 

0218 La and Lb may be actually measured using vernier 
calipers or the like. Thus, with the use of the distance LX as the 
absolute position, even if a packing or the like, which may be 
Subject to an error in thickness compared to the adapter 51, is 
placed between the reference surface Z and the adapter 51, the 
absolute position LX can be determined by actually measur 
ing La including a possible error in the packing thickness. 
0219. The cover 19 has heretofore been replaced with an 
externally-attached LVDTatevery measurement. In this case, 
the cover 19 has been put back after the measurement is 
complete. Because of this, measurement with an LVDT has 
not always been made under the same conditions as those 
during the operation of the motor-operated valve. On the 
other hand, in the motor-operated valve diagnostic apparatus 
of this embodiment, the adaptor 51 replaces the cover 19 and 
is permanently provided to the motor-operated valve 10. The 
adaptor 51 has the laser sensor 53 attached. Consequently, the 
spring cartridge 13 is always set at the same position in 
relation to the adapter 51 at every measurement. 
0220. The absolute position of the end surface 18a of the 
locknut 18 relative to the reference surface can be calculated 
using the aforementioned formula and the relative position of 
the end face 18a of the locknut 18 to the laser sensor 53. 
Therefore, based on the absolute position thus calculated, a 
change in the position at which the worm begins to move at 
each measurement can be monitored. 

0221. Accordingly, even in cases where the cover 19 and 
the adapter 51 have different insertion lengths or where the 
adapter 51 is changed with another adapter 51 having a dif 
ferent insertion length, it is possible to correct these differ 
ences by referring to the absolute position. Thus, the torque 
curve of the spring cartridge 13 can still be calibrated with 
high accuracy. 
0222 Next, explanation is made in regard to a situation in 
which the disc springs 15 are worn. 
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0223) Even with the disc springs 15 worn, the locknut 18 
restrains the inner spacer 17a and the outer spacer 17b. There 
fore, under no-load conditions, the distance between the inner 
spacer 17a and the outer spacer 17b remains the same whether 
the disc springs 15 are worn or not. 
0224 However, with the disc springs 15 worn, their length 

is now closer to their free length by the amount corresponding 
to the wear. Consequently, the preload F of the disc springs 
under this condition is at F1 which is smaller than the initial 
preload F0 before the wear occurred (F1<F0). 
0225. This will make the worm 12 begin to move in the 
axial X direction with a smaller load acting thereon from the 
valve stem 24 than the initial load applied before the wear 
occurred (refer to the dotted line in FIG. 4(a)). 
0226. The diagnostic device 70 detects a change in the 
value of distance being input by the worm position sensor 50. 
and also detects the stressal input by the stress sensor 60 at the 
time (T-T1) when the worm 12 begins to move. 
0227. The diagnostic device 70 then calculates the load F1 
corresponding to the stress alby referring to the LUT 71. 
0228. The calculated load F1 is equal to the preload of the 
spring cartridge 13 at this specific moment. Accordingly, the 
diagnostic device 70 calibrates the torque curve shown by a 
solid line in FIG. 5 (before wear) to a dotted line of FIG. 5 
based on the preload F1. 
0229. This calibration assumes that the spring constant of 
the disc springs 15 remains unchanged from the one before 
the wear occurred (constant stiffness). 
0230. Using the calibrated torque curve and signals trans 
mitted from the worm position sensor and the like as the valve 
disc 25 is closed or opened, a diagnosis is produced on 
whether the torque-related characteristics (i.e., the integrity) 
of the motor-operated valve 10 are appropriate or not. The 
diagnostic results and other information are output in the 
monitor 81 and by the printer 82. 
0231. In the embodiment explained above, regardless 
whether or not the disc springs 15 have worn or whether or not 
the preload F has changed, the torque switch23 is actuated to 
stop the flow of operating current to the motor 11, when the 
worm 12 has moved by a given distance. This means that if the 
preload F1 is lower than the preset value, the torque switch 23 
is actuated prematurely before the valve disc 25 reaches a 
given close position. When this happens, the motor stops 
automatically, obstructing a proper closing of the valve disc 
25. 
0232. Thus, to determine the integrity of the motor-oper 
ated valve 10 based on the preload F1, the load Fs acting on 
the torque switch 23 is obtained from the calibrated torque 
curve (dotted line in FIG. 5) and is compared to a given 
reference value. Judgment is then made on whether the load 
acting on the torque Switch 23 is appropriate or not. 
0233. As explained, in accordance with the motor-oper 
ated valve diagnostic apparatus 100 and diagnostic method 
according to this embodiment, it is not necessary to install a 
large load cell or the like to directly measure load acting on 
the spring cartridge 13; nor is it necessary to remove the 
spring cartridge 13 for taking measurement thereon. Instead, 
it is only the worm position sensor 50 and the stress sensor 60, 
both Small-sized and simple, that are installed on the motor 
operated valve 10. And with the use of these sensors, a diag 
nosis can be achieved on the motor-operated valve 10 during 
its actual operation at low costs with high accuracy. 
0234. Furthermore, the diagnosis can be made not only 
during outage of a nuclear power plant but also during opera 
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tion. This permits inspection activities which tend to concen 
trate in an outage period to be spread out. 
0235 Still further, because of their small size, the sensors 
50 and 60 do not interfere with normal operation of the 
motor-operated valve 10 when installed thereon. Thus, it is 
possible to permanently install these sensors on the motor 
operated valve and monitor the integrity thereof at all times. 
0236. The motor-operated valve diagnostic apparatus 100 
in this embodiment has the stress sensor 60 attached to the 
valve stem 24. Stress acting on the valve stem 24 generates 
reaction force in the yoke 31, which is part of the casing 30 
covering the valve stem 24. This reaction force in the yoke 31 
has a certain corresponding relation with the stress acting on 
the valve stem 24. 
0237. Therefore, a corresponding relationship also exists 
between the reaction force acting on the yoke 31 and the load 
acting on the worm 12. Thus, the stress sensor 60 may be 
provided on the yoke 31 instead of on the valve stem 24 to 
detect the stress acting on the yoke 31 instead of the stress 
generated in the valve stem 24. This configuration produces 
similar actions and effects to those by the motor-operated 
valve 100 of this embodiment. 

0238. In an embodiment where the stress sensor 60 is 
provided on the yoke 31, the information contained in the 
LUT 71 may be changed to a corresponding relation between 
the stress acting on the yoke 31 and the load acting on the 
worm 12. 

0239 Installation of the stress sensor 60 to the yoke 31 
means that the stress sensor 60 is located on the outer surface 
of the motor-operated valve 10. Thus it is simpler and more 
preferable than its installation on the valve stem 24. 
0240. In this embodiment, the laser sensor 53 detects the 
distance to the end surface 18a of the locknut 18 by emitting 
a laser beam to the surface 18a and detecting light reflected 
therefrom. The motor-operated valve diagnostic apparatus of 
the invention is not limited to this embodiment. Instead, a 
simpler position sensor may be used. Or, a position other than 
the end surface 18a of the locknut 18 may be selected for 
detection, as long as it is possible to detect the axial displace 
ment of the worm 12 in the X direction. 
0241 The motor-operated valve diagnostic apparatus 100 
and method according to the present embodiment assumes 
that the spring constant of the spring cartridge (the disc spring 
15) remains unchanged whether the disc springs are worn or 
not. 

0242. In other words, the amount of wear of the disc 
springs 15 in the axial X direction is treated as a change in the 
amount of pre-compression, under the assumption that the 
Spring constant does not change. 
0243 This is because the amount of wear of the disc 
springs 15 is normally Small enough not to affect the spring 
constant of the disc spring 15. 
0244. Notwithstanding the above, the spring constant may 
change as the disc springs age. Also, an extremely large 
amount of wear could affect the spring constant. 
0245 However, the spring constant changes quite slowly 
compared with wear. It is thus considered acceptable to exam 
ine the spring constant at intervals several times longer than 
those of periodic inspection of the motor-operated valve car 
ried out during plant outage. 
0246 To examine the spring constant, a spring pressing 
device 90 shown in FIG.6 may be additionally provided to the 
motor-operated valve diagnostic apparatus 100 of the present 
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embodiment so that elastic characteristics (preload, spring 
constant, etc) of the spring cartridge 13 can be calibrated. 
0247 The spring pressing device 90 is temporarily 
installed with the use of an adaptor 51", the adapter being 
placed between the spring pressing device 90 and the motor 
operated valve, replacing the cover 19 covering the spring 
cartridge. The spring pressing device 90 comprises the adap 
tor 51", a contact support 91 contacting the outer spacer 17b, 
a linear gauge 92 (a stroke sensor, a displacement sensor) 
contacting the contact support 91 in the axial direction of the 
worm 12 and detecting an axial displacement X of the contact 
support 91 following the contact support 91 as it moves axi 
ally, a pressing screw 95 pressing the contact Support in the 
direction which presses the disc springs 15 in the axially 
opposite -X direction, a pressing handle 93 displacing the 
pressing screw 95 in the -X direction when rotated by an 
angle 0 (see FIG. 6(b)), and a load cell 94 detecting load with 
which the pressing screw presses the contact Support 91, that 
is, the load F compressing the disc springs 15 in the -X 
direction. 

0248. The displacement X of the contact support 91 
detected by the linear gauge 92 and the load F detected by the 
load cell 94 are input into the diagnostic device 70. The 
diagnostic device 70 then calibrates the preload of the spring 
cartridge 13 based on these inputs of the displacement X and 
the load F. It also calculates and calibrates the spring constant 
k (in the direction of compression) according to the formula 
k=F/x. 

0249. If a hysteresis exists in the elastic characteristics of 
the spring cartridge 13 between the valve disc closing move 
ment from the full open position and the valve disc opening 
movement from the full close position, the spring pressing 
device 90 added with the function of an externally-attached 
torque sensor determines the elastic characteristics of the 
spring cartridge, by means of the spring pressing device as 
described above, for the valve opening movement from the 
full close position (i.e., for the -X direction of the worm 12). 
Those for the valve closing movement from the full open 
position (i.e., for the X direction of the worm 12) are deter 
mined using the function of the externally-attached torque 
sensor of the pressing device 90, with the motor-operated 
valve in operation. Thus, the elastic characteristics of the 
spring cartridge 13 can be determined with high accuracy 
separately for the valve opening and closing movements. 
0250 In other words, the spring pressing device 90 added 
with the function of an externally-attached torque sensor is 
adapted in Such a way that the linear gauge 92 can detect the 
displacement of the end surface 18a of the locknut 18 which 
moves independently of the compression plate 17b in the X 
direction, and that the load cell 94 can detect the load pressing 
the compression plate 17b in the X direction as the locknut 18 
moves in the X direction. Thus, the elastic characteristics of 
the spring cartridge for the valve closing movement can be 
detected as well. This means that the elastic characteristics of 
the spring cartridge for the valve closing and opening move 
ments can be determined separately with high accuracy. 
0251 Still further, by adding the function of an externally 
attached torque sensor to the spring pressing device, it is 
possible to reduce not only the frequency of mounting and 
dismounting equipment on and from the motor-operated 
valve but also the number of component parts to be used, as 
compared to separate provision of an externally-attached 
torque sensor and a spring pressing device. It is further pos 

Jan. 15, 2009 

sible to determine the elastic characteristics of the spring 
cartridge efficiently for both the valve disc opening and clos 
ing movements. 
0252. The preload and the spring constant k thus cali 
brated are stored in the memory (not shown in any of the 
Figures) or the like of the diagnostic device 70 and used for 
calibrating the LUT 71 or for others. 
0253) The motor-operated valve diagnostic apparatus 100 
temporarily provided with the spring pressing device 90 per 
mits calibration of the preload and the spring constant k of the 
spring cartridge 13 for Verification purpose as mentioned 
above. Thus, even if the elastic characteristics of the spring 
cartridge 13 Such as the spring constant change, the diagnos 
tic device 70 calibrates the LUT 71 according to the change in 
the elastic characteristics, thereby properly calibrating the 
torque curve. This calibration with the spring pressing device 
90 may be performed during extensive maintenance of the 
motor-operated valve 10, for example, during periodic 
inspection thereof. This way, a diagnosis with enhanced accu 
racy can be achieved. 
0254 The spring pressing device 90 may be replaced by an 
externally-attached torque sensor or a spring cartridge cali 
brator. 
0255. The spring pressing device 90, an externally-at 
tached torque sensor, or a spring cartridge calibrator may also 
be used to measure the initial preload and spring constant k of 
the spring cartridge 13 before wear occurs. 
0256 The adaptor 51' for the spring pressing device 90 
may be used as the adaptor 51 for the worm position sensor 
50, or vice versa. This reduces the number of component 
parts, and consequently, production costs. 

Embodiment 2 

0257 FIG. 7 is a block diagram showing another embodi 
ment of the motor-operated valve diagnostic apparatus and 
method according to the invention. 
0258. The motor-operated valve diagnostic apparatus 100 
shown in FIG. 7 is constructed exactly the same way as the 
motor-operated valve diagnostic apparatus 100 of Embodi 
ment 1 shown in FIG. 1 except the following points. That is, 
the motor-operated valve diagnostic apparatus 100 comprises 
a stress sensor 61 which replaces the stress sensor 60 of the 
motor-operated valve diagnostic apparatus of Embodiment 1 
shown in FIG. 1, the stress sensor 61 detecting the time when 
the valve disc 25 contacts the valve seat. The apparatus also 
has a timer 62 which measures an elapsed time t1 elapsed 
from the time Tk detected by the stress sensor 61 when the 
valve disc 25 contacts the valve seat to the time T1 when the 
displacement of the worm 12 in the X direction starts, the 
starting time of the worm 12 displacement corresponding to 
the starting time of the spring cartridge 13 deformation. Fur 
ther, the diagnostic device 70 of Embodiment 2 detects the 
preload F1 of the spring cartridge 13 based on the time dif 
ference AT (=t0-t1) between the predefined reference 
elapsed time to and the elapsed time t1 measured by the timer 
62 and then diagnoses the motor-operated valve 10 based on 
the preload F1 thus detected. 
0259. The predefined reference elapsed time t0 means, for 
example, the time elapsed from Tk when the valve contacted 
the valve seat with no wear on the disc springs 15, that is, with 
the preload F at its initial set value, to the time T0 when the 
worm begins to move, as shown in FIG. 4. 
0260. The time difference AT between the reference 
elapsed time T0 before wear of the disc springs 15 and the 
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elapsed time T1 after wear has a corresponding relation with 
the change AX (i.e., amount of wear) in the pre-compression 
amount x0 (amount of compression from the free length) of 
the disc springs 15 as shown in FIG. 8(a), provided that the 
energy (rotational driving force) driving the worm 12 is con 
Stant. 

0261) Further, the change AX in the pre-compression 
amount of the disc springs 15 has a corresponding relation 
with the preload F of the spring cartridge 13 as shown in FIG. 
8(b). 
0262 Therefore, by loading the LUT 72 of the diagnostic 
device 70 with these corresponding relations, the diagnostic 
device 70 can refer to the LUT 72 and detect the elastic 
characteristics of the spring cartridge 13 Such as the preload 
based on the time difference AT. The detected preload F1 is 
then used to calibrate the torque curve shown in FIG. 5 from 
the solid line to the dotted line. 
0263. Then, judgment is made on whether the torque 
related characteristics of the motor-operated valve 10 (i.e., 
integrity of the valve) are appropriate or not using the cali 
brated torque curve (dotted line) as well as signals from the 
worm position sensor and the like obtained during the open 
ing and closing of the valve disc 25. In this judgment, the load 
Fs actuating the torque switch 23, which is obtained from the 
calibrated torque curve (dotted line), is compared to the pre 
determined reference value. Accordingly, determination is 
made whether the load actuating the torque switch 23 is 
appropriate or not. 
0264. As explained, in accordance with the motor-oper 
ated valve diagnostic apparatus 100 and diagnostic method 
according to Embodiment 2, it is not necessary to install a 
large load cell or the like to directly measure load acting on 
the spring cartridge 13; nor is it necessary to remove the 
spring cartridge 13 for taking measurement thereon. Further, 
there is no need to install the stress sensor 60 for detecting 
stress. Instead, it is only the worm position sensor 50, the 
stress sensor 61 which detects only the reference time and 
which is even simpler than the one in Embodiment 1, and the 
timer 62 that are installed on the motor-operated valve 10. 
And with the use of these sensors and the timer, a diagnosis 
can be achieved on the motor-operated valve 10 during its 
actual operation at low costs with high accuracy. 
0265 Still further, the diagnosis can be made not only 
during outage of a nuclear power plant but also during opera 
tion. This permits inspection activities which tend to concen 
trate in an outage period to be spread out. 
0266. In this embodiment, the given reference time is 
defined as the time of the valve disc 25-to-seat contact 
detected by the stress sensor 61. Notwithstanding this, in the 
motor-operated valve diagnostic apparatus and method of this 
invention, the reference time is not limited to the time of the 
valve disc 25-to-seat contact. 
0267 That is, the given reference time may be a time by 
which indirect detection of the time of the valve disc 25-to 
seat contact can be made and the elapsed time to which 
corresponds to the elapsed time to the time of the valve 
disc-to-seat contact. For example, the point in time when a 
specified point on the valve stem passes a specified position of 
the casing 30 may be taken as the given reference time, 
provided that the valve stem 24 descends and rises at a con 
stant rate at all times. 
0268. This is because of the following. Of the elapsed time 
between the given reference time and the starting time of the 
worm 12 axial displacement, the elapsed time Tk elapsed 

Jan. 15, 2009 

from the given reference time to the time when the valve disc 
25 contacts the seat remains constant whether the disc springs 
15 are worn or not. Therefore, the difference AT (=T0-T1) 
between the reference elapsed time T0 (=Tk+t0) from the 
reference time to the starting time of the worm displacement 
before wear and the elapsed time T1 (=Tk+t1) after wear, 
after all, is equal to the difference AT (=t0-t1) between the 
elapsed reference time t0 from the valve disc-to-seat contact 
to the start of the worm displacement before wear and the 
elapsed time t1 after wear. 
0269. In order to detect that the specified position on the 
valve stem 24 has passed the specified position of the casing 
30, a position sensor or the like that can detect this action of 
passing the specified position may replace the stress sensor 
61. 
0270. In the motor-operated valve diagnostic apparatus 
100 of this embodiment, it is readily understood that the timer 
62 may be provided as an integrated part of the diagnostic 
device 70. 
0271 The motor-operated valve diagnostic apparatus and 
method of both embodiments described above has been 
explained only with reference to the closing operation of the 
motor-operated valve 10; however, similar actions and effects 
apply to the valve opening operation as well. 
0272 That is, when the valve is opening, the motor 11, the 
worm 12, the drive sleeve 22, and the stem nut 21 are rotated 
in a direction reverse to that of the closing operation. Conse 
quently, the valve stem 24 rises, and then the valve disc 25 
opens, contacts a specific stopper not shown in any of the 
Figures, and Subsequently remains in a predetermined open 
position. 
0273. In this case, reaction force begins to act on the link 
mechanism from the time of the valve disc-to-seat contact 
applicable to the valve opening operation. When this reaction 
force exceeds a specified value, the worm 12 begins to move 
in the axially opposite -X direction. 
0274. At this moment, the shaft 14 of the spring cartridge 
13 also moves in the axially opposite -X direction integrally 
with the worm 12. The outer spacer 17b also moves in the 
direction-X together with the locknut 18 provided at the end 
of shaft 14. 
0275 On the other hand, the inner spacer 17a is restrained 
to move in the -X direction. Accordingly, the worm displace 
ment in the -X direction results in the compression of the 
spring cartridge 13. When the compression load on the spring 
cartridge 13 exceeds the preload, the worm 12 begins to move 
corresponding to the starting time of the spring cartridge 
deformation. 

Effects of the Invention 

0276. As explained in detail, the motor-operated valve 
diagnostic method and apparatus of the invention allows an 
easy and quick diagnosis to be made on whether the torque 
related characteristics of a motor-operated valve are appro 
priate or not. In addition, highly accurate and low cost diag 
nosis is possible during actual operation of a motor-operated 
valve. 
We claim: 
1. A motor-operated valve diagnostic method for diagnos 

ing a motor-operated valve comprising a valve disc for open 
ing and closing a given passage, a worm rotatably driven by 
motor power, a link mechanism which opens and closes the 
valve disc with rotational driving force transmitted from the 
worm, and a spring cartridge containing disc springs which 
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expand or compress in response to reaction force, acting 
axially on the worm from the link mechanism said method 
comprising: 

calibrating a torque curve representing elastic characteris 
tics of the spring cartridge with a spring pressing device 
mounted on the motor-operated valve, the spring press 
ing device pressing the disc springs axially within the 
spring cartridge while measuring a relationship between 
a pressing force applied to the disc springs and a dis 
placement of the disc springs, and 

diagnosing the motor-operated valve based on the cali 
brated torque curve. 

2. The motor-operated valve diagnostic method as claimed 
in claim 1, wherein the valve disc is moveable between a full 
open position and a full closed position, wherein the elastic 
characteristics of the spring cartridge show a hysteresis 
between when the valve disc moves from the full open posi 
tion toward the full closed position and when the valve disc 
moves from the full closed position toward the full open 
position, and wherein the elastic characteristics of the spring 
cartridge for the valve disc opening movement from the full 
closed position toward the full open position are determined 
by means of the spring pressing device without the motor 
operated valve in operation, while the elastic characteristics 
of the spring cartridge for the valve disc closing movement 
from the full open position are determined by the spring 
pressing device with the motor-operated valve in operation. 

3. A motor-operated valve diagnostic apparatus for diag 
nosing a motor-operated valve comprising a valve disc for 
opening and closing a given passage, a worm rotatably driven 
by motor power, a link mechanism which opens and closes 
the valve disc with rotational driving force transmitted from 
the worm, and a spring cartridge containing disc springs 
which expand or compress in response to reaction force act 
ing on the worm from the link mechanism, said diagnostic 
apparatus comprising: 

diagnostic means for calibrating a torque curve represent 
ing elastic characteristics of the spring cartridge with a 
spring pressing device mounted on the motor-operated 
valve, the spring pressing device pressing the disc 
springs axially within the spring cartridge while mea 
Suring a relationship between a pressing force applied to 
the disc springs and a displacement of the disc springs, 
said diagnostic device diagnosing the motor-operated 
valve based on the calibrated torque curve. 

4. The motor-operated valve diagnostic apparatus as 
claimed in claim 3, wherein the spring pressing device is 
attached to the motor-operated valve through an adapter Sub 
stituted for a cover covering the spring cartridge. 

5. The motor-operated valve diagnostic apparatus as 
claimed in claim 3, further comprising output means for 
outputting acceptance criteria relating to the diagnostic 
results or for the diagnostic data together with the diagnostic 
results and/or diagnostic data. 

6. The motor-operated valve diagnostic apparatus as 
claimed in claim 3, wherein the valve disc is moveable 
between a full open position and a full closed position, 
wherein the elastic characteristics of the spring cartridge 
shows a hysteresis between when the valve disc moves from 
the full open position toward the full closed position and 
when the valve disc moves from the full closed position 
toward the full open position, wherein the spring pressing 
device determines the elastic characteristics of the spring 
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cartridge for the valve disc opening movement from the full 
closed position toward the full open position without the 
motor-operated valve in operation and the elastic character 
istics of the spring cartridge for the valve disc closing move 
ment from the full open position toward the full closed posi 
tion with the motor-operated valve in operation. 

7. The motor-operated valve diagnostic apparatus as 
claimed in claim 6, wherein the spring pressing device is 
attached to the motor-operated valve through an adapter Sub 
stituted for a cover covering the spring cartridge. 

8. The motor-operated valve diagnostic apparatus as 
claimed in claim 6, further comprising a worm position sen 
sor for detecting a condition of compression of the spring 
cartridge, which results from the reaction force, as a worm 
axial displacement, and a stress sensor for detecting stress 
acting on the link mechanism or reaction stress generated in 
an area Subjected to the stress acting on the link mechanism, 
wherein said diagnostic means detects a load corresponding 
to the preload of the spring cartridge based on the stress 
detected by the stress sensor when the spring cartridge is 
under compression, including at least a compression condi 
tion at the time the spring cartridge starts deforming, as 
detected by the worm position sensor. 

9. The motor-operated valve diagnostic apparatus as 
claimed in claim 8, wherein the spring pressing device is 
attached to the motor-operated valve exchangeably with the 
worm position sensor through an adapter Substituted for a 
cover covering the spring cartridge. 

10. The motor-operated valve diagnostic apparatus as 
claimed in claim 9, wherein the worm position sensor com 
prises a laser sensor which detects the position of an object by 
irradiating a laser beam onto the object and detecting light 
reflected therefrom, wherein the object is an axial edge of the 
spring cartridge which is axially displaced together with said 
worm or a part connected to the axial edge for movement 
therewith. 

11. The motor-operated valve diagnostic apparatus as 
claimed in claim 3, further comprising a worm position sen 
sor for detecting a condition of compression of the spring 
cartridge, which results from the reaction force, as a worm 
axial displacement, and a stress sensor for detecting stress 
acting on the link mechanism or reaction stress generated in 
an area Subjected to the stress acting on the link mechanism, 
wherein said diagnostic means detects a load corresponding 
to the preload of the spring cartridge based on the stress 
detected by the stress sensor when the spring cartridge is 
under compression, including at least a compression at the 
time the spring cartridge starts deforming, as detected by the 
worm position sensor. 

12. The motor-operated valve diagnostic apparatus as 
claimed in claim 11, wherein the spring pressing device is 
attached to the motor-operated valve exchangeably with the 
worm position sensor through an adapter Substituted for a 
cover covering the spring cartridge. 

13. The motor-operated valve diagnostic apparatus as 
claimed in claim 12, wherein the worm position sensor com 
prises a laser sensor which detects the position of an object by 
irradiating a laser beam onto the object and detecting light 
reflected therefrom, wherein the object is an axial edge of the 
spring cartridge which is axially displaced together with said 
worm or a part connected to the axial edge for movement 
therewith. 


