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speaker is listen to recognize the level of vibration, and hence the
presence and degree of steam FIELD OF THE INVENTION
leakage. However, the apparatus has a disadvan- tage in that steam leakage
can not be grasped The present invention relates to operation de-   5
quantitatively. This is because vibration generated tectors for judging
whether the operating condition  in a valve, such as a steam trap or the
like, varies of steam traps used in steam systems at steam      widely with
various factors, such as for example the appliances, such as a steam-motive
electric power  structure and size of the valve, the ratio of steam to
plant, a chemical plant, a manufacturing equipment,  condensed water, and
the like, though the deflec- and the like, is good or not.
10  tion of the indication pointer or the output of the speaker is
proportional to the vibration detected by BACKGROUND TECHNIQUES
the probe. Generally, steam traps are provided at suitable  DISCLOSURE OF
THE INVENTION places of steam lines or steam appliances for the   15
purpose of automatically exhausting condensed      (Technical Problems that
the Invention is to solve) water without passing steam. In the case where
such steam traps do not operate normally, there        An object of the
present invention is to provide. will occur a serious trouble in the
activities of  a steam trap operation detector in which vibration steam
appliances by failure of steam transportation   20  generated in a steam
valve, such as a steam trap or by occurrence of steam loss. More
particularly,  or the like, can be grasped exactly and quantita- in the
case where the exhaust capacity of steam    tively by reference to
preliminarily stored data as to traps attached to steam appliances is less
than the  kinds, sizes, and the like. quantity of condensed water, or in
the case where      Another object of the invention is to provide a the
condensed-water exhausting function of steam   25  steam trap operation
detector in which vibration traps deteriorates or is lost so entirely that
the  owing to a flow of steam can be detected with valve opening function
thereof can not operate, the  distinction from vibration owing to a flow of
con- condensed water will remain in the entrance piping  densed water by
the detection on consideration of of the steam traps, so that a phenomenon
of water  steam temperature within the steam trap. hammer will often appear
or the efficiency of the   30  A further object of the invention is to
provide a steam appliances will be often lowered to cause    steam trap
operation detector in which the pres- breakage in extreme case. On the
contrary, in the  ence of steam leakage can be exactly grasped with case
where the valve closing function of the steam  eliminating an influence
based on variations in traps is unsatisfactory, it will be apparent that
steam pressure within the steam trap. The steam steam leakage increases to
thereby cause inconve-  35  pressure may be manually established by the
user nience of lowering of efficiency with the shortage in  or may be
automatically computed from the mea- pressure and quantity of the steam and
to thereby  sured temperature. cause waste of expensive energy undesirably.
A still another object of the invention is to As an example of apparatus
for detecting        provide a steam trap operation detector in which steam
leakage at a steam valve such as a steam   40  wide-range vibration
generated in a steam trap can trap or the like, a steam leakage detector
has been  be detected efficiently. disclosed in Japanese Utility Model
Unexamined         A still further object of the invention is to pro-
Publication No. 58-187739. The steam leakage de-   vide a steam trap
operation detector in which influ- tector detects vibration in a valve body
of a steam  once of externally transmitted vibratory noise is valve from
the outside of the steam valve to there-  45  eliminated so that vibration
generated in a steam by judge presence of steam leakage. The principle
trap can be detected with no error. of detection in the steam leakage
detector is in that a probe provided at the top end of the detector is
(Technical Means for Solving the Problems) brought into contact with the
steam valve or the like to be detected so that vibration generated in  so
The steam trap operation detector according to the probe is converted into
an electric signal by an  the present invention comprises a vibration
detect- ultrasonic microphone using a piezoelectric ele-   ing section and
an arithmetic section. With the ment, and then the electric signal is
amplified and  features disclosed in claim 1. led to a display unit or a
speaker to drive the       The steam trap operation detector according to
display unit or the speaker.                  ss  the invention can store
data of the relation between According to this prior art apparatus,
deflection  the steam leakage quantity and the vibration level of an
indication pointer actuated by the vibration  as storage data corresponding
to the variations in detected by the probe is read or sound from the
construction, nominal size, etc. of the object to be 3    
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tecting sensor and the structure of the probe. The steam trap operation
detector according to     Furthermore, according to the invention, the the
invention can store data as to the relation     detector can cope, as it
is, with variations in vibra- between the steam leakage quantity and the
vibra-   tion depending on variations in kind and use con- tion level as
storage data corresponding to the   5   dition of the object to be
detected, by provision of variations in steam pressure of the object to be
a diaphragm resonant with a plurality of vibrations detected.
for transmitting vibration to a vibration sensor. In the steam trap
operation detector according     In addition, according to the invention,
accu- to the invention, a temperature sensor may be      racy in detection
of vibration or in other words additionally provided at the top end of the
probe in  io  accuracy in judgment of the operating condition of order to
discriminate the fluid material within the  the object to be detected can
be improved by object to be detected on the basis of the tempera-
eliminating unnecessary vibration transmission pas- ture range thereof.
sage to a vibration sensor to the utmost. In the steam trap operation
detector according to the invention, the temperature sensor may be   15
BRIEF DESCRIPTION OF THE DRAWINGS attached at the top end of the probe
through a heat insulator in order to eliminate the influence of heat  Fig.
1 is a longitudinal section and an electrical radiation.
block diagram showing a construction of the In the steam trap operation
detector according    steam trap operation detector according to the to the
invention, the probe may be formed so as to  20  present invention; have a
pointed top end for the purpose of eliminat-   Fig. 2 is a characteristic
curve graph showing ing an error in detection due to the variations in
the relation between the vibration level and the heat conduction.
steam leakage quantity on the basis of variations The steam trap operation
detector according to    in construction of steam traps; the invention may
include diaphragm means having   25  Fig. 3 is a longitudinal section and
an electrical a plurality of resonant points for the purpose of     block
diagram showing another construction of detecting the vibration of a
variety of objects to be  the steam trap operation detector according to
detected which are different in construction, size,  the present invention;
etc. from each other.                                 Fig. 4 is a
characteristic curve graph showing The steam trap operation detector
according to  30    the amplitude condition of vibration owing to the the
invention has a structure for reducing the trans-  flow of steam and
condensed water; mission of vibration from the body of the detector    Fig.
5 is a longitudinal sectional view showing or the outside thereof in order
to detect the vibra-  the construction of the top end of the probe in tion
of the object to be detected exactly.            the steam trap operation
detector according to 35    the present invention; (Effects of the
Invention)                            Figs. 6 and 7 are longitudinal
sectional views showing the construction of the top end of the According
to  the  present invention, an         probe in the steam trap operation
detector ac- arithmetic section is operated while a probe is
cording to the present invention; brought into contact with an object to be
detected   40  Fig. 8 is a longitudinal section and an electrical with
predetermined pressure, so that it is possible   block diagram showing a
further construction of to detect presence and degree of steam leakage
the steam trap operation detector according to exactly with good
reproducibility and it is possible  the present invention; to eliminate any
error owing to the user in judg-     Figs. 9 and 10 are characteristic
curve graphs ment as to whether the operating condition of the   45
showing the relation between the ultrasonic fre- object to be detected is
good or not. Further, the    quency and vibration level; and judgment can
be made more exactly by preliminar-      Figs. 11 and 12 are longitudinal
sections and ily selecting stored data in accordance with the
electrical block diagrams respectively showing distinction in construction,
nominal size, steam     further constructions of the steam trap operation
pressure, etc. of the object to be detected.  50      detector according to
the present invention. Further, according to the invention, whether the
fluidity is of only condensed water or of a mixture  BEST MODES FOR
EXECUTION OF THE INVEN- of steam  and condensed water can be judged
TION more exactly by additionally detecting the tempera- ture of the object
to be detected. Further, any error  55  Referring to Fig. 1, there is shown
the whole in detection due to the use condition or individual  construction
of the steam trap operation detector difference of the user can be
eliminated by improv-  according to the present invention. The steam trap
ing the attaching structure of the temperature de-  operation detector is
constituted by a detecting 4   
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arithmetic section 50. The detect-   The relation between vibration levels
and ing section 1 and the arithmetic section 50 are    steam  leakage
quantities corresponding to vari- electrically connected to each other
through a ca-  ations in construction and size of a variety of steam ble
51.                                            traps can be stored in the
memory M in the The detecting section 1 has a probe 2 ar-   5   arithmetic
section 50. Fig. 2 is a characteristic ranged to be slidable as shown by
the double-      curve graph with the vibration level as the abscissa
headed arrow in Fig. 1, a probe holding member 4   and the steam leakage
quantity as the ordinate, arranged to enclose the probe 2, a body 5, a
front  with variations in construction of various steam cover 6 for
connecting the holding member 4 to the  traps as a parameter. As shown in
Fig. 2, the body 5, and a rear cap provided with a port 25 for  10
respective steam  traps are different in leakage leading out a cable 51. A
substantially cylindrical  quantity even though they are in one and the
same inside space is defined by the front cover 6, the  vibration level A.
More specifically, even if all the body 5 and the rear cap 7, and in the
thus defined  steam traps are in one and the same vibration level inside
space there are provided vibration detecting  A, the leakage quantity in
the steam trap having a elements including a diaphragm holding plate 15
15  free-bucket structure may be B, the leakage quan- for holding a
diaphragm 11, a microphone holder    tity in the steam trap having a
free-float structure 18 for holding an ultrasonic microphone 16 as a    may
be C, and the leakage quantity in the steam vibration sensor through an
0-ring 17, a spring    trap having a thermodynamic structure may be D.
holder 19 for holding a coiled spring 22 for urging  Accordingly, the
relation between the steam leak- the probe 2 forward, and a circuit board
20, includ-  20  age quantity and the vibration level preliminarily ing
amplifying, for electrically processing the elec-  measured corresponding
to the distinction in con- tric signal converted by the ultrasonic
microphone  struction, size, steam pressure, etc. of the steam 16 to
thereby output the processed signal. The     traps is stored in the memory
M, and then neces- probe holding member 4 has an upper conical        sary
conditions, such as the kind of the steam trap, portion and a lower
cylindrical portion. A longitudi-  25  the construction thereof, the steam
pressure used nal hole 9 is formed through the upper conical     in the
steam trap, and the like, are set through the portion, and the probe 2 is
urged forward by the   key-input unit K, so that the central processing
unit spring 22 so that the top end of the probe 2       CPU can perform
computation exactly at the time normally projects from the top end of the
hole 9.  of leakage detection. The probe 2 is arranged so as to be slidable
30       The operation of the aforementioned detector backward to a
position where the top end thereof is  is as follows. The top end of the
probe 2 of the registered with the top end of the holding member  detecting
section 1 is brought into contact with the 4, when urging force is exerted
on the top end of  object to be detected, so that mechanical vibration the
probe 2. The probe 2 is formed so that the top  existing in the target is
transmitted to the dia- end thereof can be brought into contact with an
35  phragm mounting member 11 to thereby cause the object to be detected
(not shown), and that the rear  diaphragm 21 vibrate. The vibration of the
dia- end thereof can be pressed into a diaphragm        phragm 21 is
propagated in the space within the mounting member 11 so as to be
integrated there-   microphone holder 16 so as to be converted into with.
an electric signal by the ultrasonic microphone 16 A diaphragm  21 is fixed
to the diaphragm   40  disposed in opposition to the diaphragm 21. The
mounting member 11 at the opposite side to the     electric signal is
suitably amplified by the circuit probe by a screw or any other suitable
means. The  board 20 and then transmitted to the arithmetic ultrasonic
microphone 16, as a vibration sensor, is  section 50 through the cable 51.
Receiving an input provided to face the diaphragm 21. The output
signal proportional to the detected vibration level terminal of the
ultrasonic microphone 16 is con-  45  and transmitted from the detecting
section 1 to the nected to the circuit board 20 containing an am-
arithmetic section 50 through the cable 51, the plifying circuit and other
necessary circuits. The  central processing unit CPU performs computation
holding plate 15, the spring holder 19 and the     on the basis of the set
conditions so as to actuate microphone holder 18 are connected to each
other   the display unit D and/or speaker S on the basis of by a screw 23.
50  the result of computation. The result of computa- The arithmetic
section 50 has an input-output   tion has been obtained through processing
by mak- interface l/0, a central processing unit CPU, a    ing reference to
the predetermined data preliminar- memory M, a key-input unit K, a display
unit D,    ily stored in the memory M. Accordingly, because and a speaker
S. According to the purposes of use,  a true vibration level is exactly
expressed on con- a printer unit P for printing the result of computa-  ss
sideration of the distinction in construction, size, tion, and a function
for transferring computed data  use condition, etc. of the object to be
detected, the to a host computer or the like may be additionally  result is
always suited to the conditions. provided in the section 50. 5  



7                 EP 0 402 463 B1                    8 Fig. 3 shows another
embodiment of the struc-   is actuated to turn on the electric source for
the ture according to the present invention. In Fig. 3,  detecting section
and arithmetic section. The lead the same parts as those in Fig. 1 are
correspond-  wire from the contact of the microswitch 31 is ingly
referenced. The different point from Fig. 1 is  connected to the circuit
board 20 so that the elec- in that: a temperature sensor 10 is provided at
the   5   tric source system not shown can be automatically top end of the
probe 1; a hole 12 for insertion of  switched on and off. lead wire of the
temperature sensor 10 is formed in   According to the construction of Fig.
3, not the top end portion of the probe 1; and a micro-   only the
operation of steam traps can be detected switch 31 is disposed in the
holding member 15.    in the same manner as described above for the
According to the construction of Fig. 3, it is possi-  10  construction of
Fig. 1, but the temperature data of ble to judge whether the leakage in the
steam trap  steam traps in the operating condition can be ob- is of only
condensed water or of a mixture of      tained by the temperature sensor 10
so that the condensed water and steam. According to the        judgment of
the operating condition inclusive of the steam trap operation detector of
the present inven-  condensed-water exhausting function can be made tion,
the temperature as well as the mechanical  15   more exactly. It will be
apparent that the arithmetic vibration of an object to be detected can be
de-   section 50 may have a function of comparing the tected. Detection of
temperature of the steam trap  temperature data obtained by the temperature
sen- brings the following effect. Generally, steam traps  sor 10 with a
reference value for the purpose of are classified in accordance with the
operational  judgment, as well as wellknown attendant functions, principle
thereof into of the mechanical type using   2o  such as a displaying
function, an alarming function the specific weight difference between steam
and   and the like. condensed water, of the thermodynamic type using
Further, the deterioration of the condensed- the thermodynamic
characteristic difference be-    water exhausting function can be detected
more tween steam and condensed water, of the ther-      accurately by
inputting the used steam pressure mostatic type using the temperature
difference be-  26  through the key-input unit and establishing the ref-
tween steam  and condensed water, and of the       erence temperature on
the basis of the saturated temperature adjusting type in which condensed
steam temperature. Further, in the case where the water having a
temperature lower than a predeter-  object to be detected is a steam trap
of the tem- mined temperature is exhausted. Of the variety of  perature
adjusting type, the deterioration of the steam traps, in those of the
mechanical type, of  30  condensed-water exhausting function can be de-
thermodynamic type and of the thermostatic type,   tected exactly by
setting the reference temperature the temperature is lower than the
saturated steam  to be lower than the preliminarily set temperature
temperature by several degrees ( C) or tens of     of the exhaust condensed
water so that condensed degrees [err] in the case where condensed water
water of the range lower than the set temperature is exhausted normally.
Accordingly, in the case   35  can be exhausted. where the steam trap is
short in capacity, in the      As described above, if the temperature of an
case where the condensed-water exhausting func-    object to be detected is
measured by the tempera- tion of the steam trap becomes abnormal or per-
ture sensor 10 provided at the top end of the probe fectly broken down, or
the like, condensed water   2, the saturated pressure of internal steam can
be remains in the upstream of the steam trap. There-  40  known. The
relation between such pressure and fore, in such cases, the temperature of
the steam  amplitude of vibration is shown in Fig. 4. Accord- trap becomes
lower than that in the case where     ingly, the presence or magnitude of a
steam flow condensed water is being exhausted normally. In    or a
condensed-water flow can be known by the this viewpoint, in the embodiment,
the temperature  vibration corresponding to the value of pressure of the
steam trap as an object to be detected is  45  deduced from the temperature
detected by the detected by the temperature sensor provided at the
temperature sensor. Also in this case, storage of top end of the probe 2 in
this embodiment to make  necessary data and computation based on the stor-
it possible to detect the operating condition includ-  age data are
automatically executed  by the ing lowering of the condensed-water
exhausting     arithmetic section 50. function  through  judgment executed
in  the   5o     Fig. 5 shows a modification of the present arithmetic
section 50 on the basis of the detected  invention, improved in arrangement
of the tempera- temperature. On the other hand, the microswitch 31  ture
sensor which is disposed at the top end of the is used in such a manner
that when the top end of  probe as shown in Fig. 3. As described above, the
the probe 2 is brought into sufficient contact with  addition of the
temperature detecting function to the object to be detected so that the
diaphragm   56  the vibration detecting function preferably brings holding
member 11 exceeds a predetermined dis-     improvement of detecting
accuracy and increase of tance, or in other words, when preparation for
mea-  detection items. However, the probe is, in most surement has been
completed, the microswitch 31    cases, formed of a heat-conductive
material, such 6 
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or the like. Accordingly, when the  perature sensor 65 is urged against the
object 66 temperature of the temperature sensor 10 is raised  to be
detected by the spring 62, but vibration is up by heat conduction from the
object to be de-    little transmitted because it is absorbed by the
tected, heat conduction occurs also through the    spring 62. probe, so
that the temperature rising in the term-   5  Fig. 7 shows a second form in
which the top perature sensor itself becomes unstable. In this   end of the
probe is modified. The construction of viewpoint, the subject of this
embodiment is in that  Fig. 7 is similar to that of Fig. 6, except that a a
tube-like heat insulator 43 of a suitably selected  projection 67 is formed
by cutting the top end of material is fitted into a concavity 41 formed in
the  the construction of Fig. 6 so as to be inclined. The top end of the
probe 4 so that the temperature  io  construction of Fig. 7 can be formed
easily by sensor 10 is disposed at the top of the tube-like  working. heat
insulator. The temperature sensor 10 is ar-       Fig. 8 shows a
modification of the present ranged to project slightly from the top end of
the  invention, which is improved in structure of the probe 4. Lead wire
101 of the temperature sensor   diaphragm for converting mechanical
vibration de- 10 is led to the circuit board not shown, through a   is
tected by the probe into an ultrasonic wave. Each hole 44 of the heat
insulator 43 and the hole 12 of  of a series of operating condition
detectors de- the probe 4. The heat insulator 43 must have the   scribed
above in the foregoing embodiments has a characteristic of transmitting
mechanical vibration  single resonant point because a single diaphragm
sufficiently. Preferably, a ceramic tube is used as  is used. It is
generally known that the sensitivity of the heat insulator 43 for the
purpose of fulfilling the   20  the diaphragm is large in the vicinity of
its resonant heat-insulating effect while transmitting vibration in
frequency (resonant point) but very small in the the same manner as a metal
material.               other points. In the case where the operating con-
Figs. 6 and 7 shows modifications of the        dition of steam traps is
detected on the basis of the present invention, which are improved in the
struc-  magnitude of vibration, it is necessary to attach a ture of the top
end of the probe. According to the   25  diaphragm  preliminarily suitably
selected on the construction of the probe in the aforementioned
assumption of the frequency of vibration which will operation detector, the
detected vibration level of-  be generated or to prepare several kinds of
detect- ten changes depending on the contacting condition  ing sections
corresponding to the variations in vi- with the object to be detected.
Although the probe  bration frequency, because the vibration generated is
designed to be continuously pressed forward for  3o  owing to the steam
current or condensed-water the purpose of avoiding individual difference
due to  current of steam traps can be specified in-accor- the users, the
same contacting condition can not   dance with the distinction in
construction, size, etc. always be attained because the surface of the
of the steam traps. According to the construction of object to be detected
is, in most cases, curved.   Fig. 8, a plurality of diaphragms 82 to 84 are
fixed Further, the contacting condition often changes by   35  to the rear
of the probe holding member 11 by a the distinction in the peculiar way of
the users.  screw 85 along the axis of the probe 2. In Fig. 8, Accordingly,
there arises a difference in detection  the same parts as those in Figs. 1
and 3 are of vibration between the case where the probe is in
correspondingly referenced. An elastic member 32 plane contact with the
object to be detected and   formed of synthetic rubber is interposed
between the case where the probe is in point contact with  40  the probe
holding member 4 and the front cover 6. the object to be detected. Such a
difference in    An elastic member 33 of the same material is detection of
vibration brings about an error in fun-  interposed in the hole 9 and
between the probe 2 damental data to be computed, resulting in un-     and
the probe holding member 4. Similarly, an desirable misjudgment. In the
modification of Fig.  elastic member 34 surrounds the ultrasonic micro- 6,
in order to avoid such undesirable misjudgment,  45  phone 16. Further,
elastic members 35 and 36 are a projection 62 is formed at the top end 61
of a   provided at two places in the outside of the dia- probe 60
longitudinally inserted through the hole of  phragm mounting member 11. The
respective elas- the probe holding member 4. Further, a tempera-    tic
members 32 to 36 are used for the purpose of ture sensor 65 continuously
pressed forward by a   absorbing undesirable vibratory noise which is
spring 64 is attached to a concavity 63 formed at  so  caused by vibration
generated by parts other than the top end of the probe 60. According to
this     the object to be detected and which is given to any construction,
the probe is continuously in point   one of the vibration detecting
members, that is, the contact with an object 66 to be detected, so that
probe 2, the diaphragm mounting member 11, the substantially uniform
measurement of vibration can  diaphragms 81 to 84, and the ultrasonic
micro- be made, irrespective of the external form of the  55  phone 16.
object 66 to be detected and the peculiar way of      In the construction
of Fig. 8, the distance be- the user. In this case, contact sufficient to
detect  tween the diaphragm mounting member 11 and the the temperature can
be made because the tem-       ultrasonic microphone 16 was selected to be
9.19 



7    11                EP0402463B1                       12 mm. In this
embodiment, four diaphragms each      Fig. 12, the distance between the
ultrasonic micro- having a thickness of 0.9 mm and an external      phone
16 and the circuit board 20 is enlarged more diameter of 15 mm were used,
and attached to the  sufficiently, so that the two are flexibly connected
diaphragm mounting member 11 with spacers each     through lead wire 92
such as soft electrically-con- having a thickness of 0.4 mm and an external
5   ductive wire. Generally, vibration applied to the diameter of 4.5 mm
and interposed between adja-   body 1 from the outside is transmitted to
the circuit cent diaphragms. In the case where the distance   board 20
containing an amplifying circuit so that between the diaphragm mounting
member 11 and     the vibration is transmitted to the ultrasonic micro- the
ultrasonic microphone 16 was selected to be   phone 16 through the stiff
connection pin of the 9.19 mm, and only one diaphragm having a thick-  10
ultrasonic microphone, whereafter the vibration is ness of 0.3 mm and an
external diameter of 15 mm  superposed on vibration transmitted via the
space was attached to the diaphragm mounting member     from the diaphragm
21 as the original passage so 11, the resonant frequency was 43.5 kHz as
shown  that the thus superposed vibration is converted to in Fig. 9. On the
contrary, in the case where the  an electric signal. As the result, an
error may arise four diaphragms 81 to 84 as described above were  is  in
the output. This embodiment is arranged to used, the resonant frequency
could be extended to  avoid such situation. According to this embodiment, a
range of from 40 kHz to 47 kHz as shown in Fig.  the circuit board 20 is
attached to the body 5 by a 10. Accordingly, the vibration of steam traps
within  holding member 93 formed of an elastic material, the resonant
frequency range can be detected in   such as synthetic rubber or the like
to thereby high sensitivity by one and the same detecting   2o  prevent the
propagation of vibration from the out- section. It is a matter of course
that modifications  side, and further, the circuit board 20 and the or
changes in the number and size of the dia-     ultrasonic microphone 16 are
electrically connected phragms may be made and that various detecting
through the soft conductive wire 92 to thereby sections different in
resonant frequency range can  prevent the transmission of the outside
vibration to be formed by such modifications or changes.  25  the
ultrasonic microphone 16 securely. Conse- Fig. 11 shows a further
embodiment of the      quently, the output proportional to the true
vibration present invention. In the aforementioned embodi-  transmitted
from the probe 2 is transmitted to the ments, the influence of vibration
transmitted to the  arithmetic section 50 to thereby improve the accu-
ultrasonic microphone 16 through the body of the  racy in detection.
detecting section 1 was more or less exerted.  3o Therefore, elastic
members as shown in Fig. 8     INDUSTRIAL FIELD OF UTILIZATION were
provided at several places. In this embodi- ment, the ultrasonic microphone
16 and the dia-      The steam trap operation detector according to phragm
21 are separated so as to be in opposition  the present invention relates
to an operation detec- to each other at a predetermined distance there-  35
tor for detecting the operating condition of steam between, and the two
members and the distance     traps used in a steam system at steam
appliances, therebetween are enclosed by an elastic member    such as a
steam-motive electric power plant, a 34' and fixed to the lower end of the
diaphragm   chemical plant, a manufacturing equipment, or the mounting
member 11. According to this embodi-      like. The steam trap operating
condition detector is ment, vibration from the body 5 and other parts is
40  used for detection of breakdown places in case of not transmitted to
the ultrasonic microphone 16   occurrence of abnormality as well as in
daily which finally detects vibration and converts the  checking and
maintenance of steam traps indispen- detected vibration into an electric
signal. Accord-  sable to the aforementioned plant and equipment. ingly,
vibration detection having less error can be  Particularly, the detector
according to the present executed. The output of the ultrasonic microphone
45  invention is superior in accuracy in detection to the 16 is connected
to the circuit board 20. According  conventional detector. Accordingly, the
functional to this embodiment, the vibration detected by the  deterioration
of steam traps can be detected in the probe 2 can be efficiently
transmitted to the dia-  earlier stage to thereby prevent serious
accidents, phragm 21 and converted into an electric signal by  improve
operating efficiency on the whole of such the ultrasonic microphone 16, so
that exact mea-  so  equipment, and prevent the waste of expensive surement
of vibration or in other words exact judg-  energy. ment of the operating
condition of steam traps can be made.
Claims Fig. 12 shows a still another embodiment of the present invention,
which is improved in the ar-  55  1. A steam trap operation detector
comprising a rangement of the ultrasonic microphone 16 and the    detecting
section (1) and an arithmetic section diaphragm 21 and in the connection
thereof to the     (50); 



circuit board 20 in the construction of Fig. 11. In      said detection
section (1) including: 8    11                EP 0 402 463 B1
12 mm. In this embodiment, four diaphragms each       Fig. 12, the distance
between the ultrasonic micro- having a thickness of 0.9 mm and an external
phone 16 and the circuit board 20 is enlarged more diameter of 15 mm were
used, and attached to the  sufficiently, so that the two are flexibly
connected Jiaphragm mounting member 11 with spacers each    through lead
wire 92 such as soft electrically-con- having a thickness of 0.4 mm and an
external   5   ductive wire. Generally, vibration applied to the diameter
of 4.5 mm and interposed between adja-   body 1 from the outside is
transmitted to the circuit cent diaphragms. In the case where the distance
board 20 containing an amplifying circuit so that between the diaphragm
mounting member 11 and      the vibration is transmitted to the ultrasonic
micro- the ultrasonic microphone 16 was selected to be    phone 16 through
the stiff connection pin of the 9.19 mm, and only one diaphragm having a
thick-  10  ultrasonic microphone, whereafter the vibration is ness of 0.3
mm and an external diameter of 15 mm  superposed on vibration transmitted
via the space was attached to the diaphragm mounting member      from the
diaphragm 21 as the original passage so 11, the resonant frequency was 43.5
kHz as shown  that the thus superposed vibration is converted to in Fig. 9.
On the contrary, in the case where the  an electric signal. As the result,
an error may arise four diaphragms 81 to 84 as described above were  15  in
the output. This embodiment is arranged to used, the resonant frequency
could be extended to  avoid such situation. According to this embodiment, a
range of from 40 kHz to 47 kHz as shown in Fig.  the circuit board 20 is
attached to the body 5 by a 10. Accordingly, the vibration of steam traps
within  holding member 93 formed of an elastic material, the resonant
frequency range can be detected in   such as synthetic rubber or the like
to thereby high sensitivity by one and the same detecting   20  prevent the
propagation of vibration from the out- section. It is a matter of course
that modifications  side, and further, the circuit board 20 and the or
changes in the number and size of the dia-      ultrasonic microphone 16
are electrically connected phragms may be made and that various detecting
through the soft conductive wire 92 to thereby sections different in
resonant frequency range can  prevent the transmission of the outside
vibration to be formed by such modifications or changes.  25  the
ultrasonic microphone 16 securely. Conse- Fig. 11 shows a further
embodiment of the      quently, the output proportional to the true
vibration present invention. In the aforementioned embodi-  transmitted
from the probe 2 is transmitted to the ments, the influence of vibration
transmitted to the  arithmetic section 50 to thereby improve the accu-
ultrasonic microphone 16 through the body of the  racy in detection.
detecting section 1 was more or less exerted.  30 Therefore, elastic
members as shown in Fig. 8      INDUSTRIAL FIELD OF UTILIZATION were
provided at several places. In this embodi- ment, the ultrasonic microphone
16 and the dia-       The steam trap operation detector according to phragm
21 are separated so as to be in opposition  the present invention relates
to an operation detec- to each other at a predetermined distance there-  35
tor for detecting the operating condition of steam between, and the two
members and the distance     traps used in a steam system at steam
appliances, therebetween are enclosed by an elastic member     such as a
steam-motive electric power plant, a 34' and fixed to the lower end of the
diaphragm   chemical plant, a manufacturing equipment, or the mounting
member 11. According to this embodi-     like. The steam trap operating
condition detector is ment, vibration from the body 5 and other parts is
40  used for detection of breakdown places in case of not transmitted to
the ultrasonic microphone 16   occurrence of abnormality as well as in
daily which finally detects vibration and converts the  checking and
maintenance of steam traps indispen- detected vibration into an electric
signal. Accord-  sable to the aforementioned plant and equipment. ingly,
vibration detection having less error can be  Particularly, the detector
according to the present executed. The output of the ultrasonic microphone
45  invention is superior in accuracy in detection to the 16 is connected
to the circuit board 20. According  conventional detector. Accordingly, the
functional to this embodiment, the vibration detected by the  deterioration
of steam traps can be detected in the probe 2 can be efficiently
transmitted to the dia-  earlier stage to thereby prevent serious
accidents, phragm 21 and converted into an electric signal by  improve
operating efficiency on the whole of such the ultrasonic microphone 16, so
that exact mea-  50  equipment, and prevent the waste of expensive surement
of vibration or in other words exact judg-  energy. ment of the operating
condition of steam traps can be made.
Claims Fig. 12 shows a still another embodiment of the present invention,
which is improved in the ar-  55  1. A steam trap operation detector
comprising a rangement of the ultrasonic microphone 16 and the
detecting section (1) and an arithmetic section 



diaphragm 21 and in the connection thereof to the     (50); circuit board
20 in the construction of Fig. 11. In      said detection section (1)
including: 8    13                 EP 0 402 463 B1                     14 a
probe (2) arranged to be brought into          perature data are
preliminarily stored in said contact with an object to be detected with a
memory (M) in said arithmetic section (50), predetermined pressure given by
an elastic          whereby whether the operation of said object member for
detecting mechanical vibration           to be detected is good or not is
judged on the owing to a steam current and a condensed-   5        basis of
comparison between an output of said water current within said object to be
detected;    temperature sensor (10) and predetermined diaphragm means (21)
for generating ultra-       data selectively obtained from said tempera-
sonic vibration in response to said mechanical      ture data stored in
said memory (M). vibration detected by said probe (2); a vibration sensor
(16) provided in opposi-  10  5. A steam trap operation detector according
to tion to said diaphragm means (21) for convert-       Claim 4, in which
said temperature sensor (10) ing said ultrasonic vibration into an electric
is attached in a concavity (41) of said probe (2) signal;
through a heat insulator (43) for preventing a circuit board (20)
containing an am-           heat conduction without influence on transmis-
plifying circuit for amplifying an output signal  15  sion of vibration
through said probe (2). of said vibration sensor (16) so as to transmit the
amplified output to the outside;             6. A steam trap operation
detector according to said arithmetic section (50) including;
Claim 4 or 5, in which a pointed-end projection a memory (M) for storing
data correspond-        (62, 67) is formed at the top end of said probe ing
to a variety of steam traps inclusive of said  20  (2) and a concavity (63)
is formed at a position object to be detected;
lower than said pointed-end projection, so that a central processing unit
(CPU) for per-         said temperature sensor (65) is kept to be forming
computation while executing compari-         pressed toward said
pointed-end projection by son between the output signal transmitted from
an elastic material (64) provided in said con- said detecting section (1)
and predetermined   25   cavity. data selectively obtained from said data
stored in said memory (M); and                          7. A steam trap
operation detector according to output units (D; 8) for displaying the
result    any one of preceding claims, in which said of computation of said
central processing unit       diaphragm means for generating ultrasonic vi-
(CPU) and/or for generating a sound output of  30    bration owing to said
mechanical vibration an audible frequency.
transmitted from said probe (2) includes a plu- rality of diaphragms (81 to
84) which are fixed 2. A steam trap operation detector according to
at predetermined intervals in an axial direction Claim 1, in which said
memory (M) included in       of said probe. said arithmetic section (50)
has data stored   35 therein corresponding to distinction in con-     8  A
steam trap operation detector according to struction of said variety of
steam traps, so that    any one of preceding claims, in which said a result
corrected in accordance with distinc-       diaphragm (21, 81 to 84) and
said ultrasonic tion in kind of said object to be detected is
microphone (16) are enclosed by a hollow computed out.
40       elastic member (34') and one end of said hol- low elastic member
(34') is attached to a dia- 3  A steam trap operation detector according to
phragm mounting member (11), so that said Claim 1, in which said memory (M)
included in        mechanical vibration is transmitted from said said
arithmetic section (50) has data stored         probe (2) to said
ultrasonic microphone (16) therein corresponding variations of steam pres-
45  without influence of outside vibratory noise. sure within steam traps,
so that a result cor- rected in accordance with steam  pressure        9. A
steam trap operation detector according to used in said object to be
detected is computed      any one of preceding claims, in which said out.
circuit board (20) is attached to a body (5) 50      through an elastic
member (93), and terminals 4. A steam trap operation detector according to
of said ultrasonic microphone (16) are flexibly Claim 1, in which a
temperature sensor (10) is      connected to terminals of said circuit
board disposed at a top end portion of said probe (2)      (20) through
soft conductive wire (92), so that which is to be brought into contact with
said       said mechanical vibration is transmitted from object to be
detected so that a temperature of  55  said probe (2) to said ultrasonic
microphone 



said object to be detected is detected so as to     (16) without influence
of outside vibratory generate an electric output corresponding to
noise. the detected temperature, and in which tem- 9    15
EP 0 402 463 B1                    16 Patentansprlche
beinhaltete Speicher (M) gespeicherte Daten enthalt, die Variationen des
Dampfdrucks in- 1. Betriebsdetektor fOr einen Kondensatableiter
nerhalb von Kondensatableitem entsprechen, Kg   mit einem
Detektierabschnitt (1) und einem        so daB ein in Obereinstimmung mit
dem in arithmetischen Abschnitt (50), wobei der De-   5  dem zu
boobachtenden Objekt verwendeten tektierabschnitt (1) aufweist:
Dampfdruck korrigiertes Ergebnis ausgerech- eine Sonde (2), die so
angebracht ist, daB sie    net wird. mit einem zu beobachtenden Objokt mit
einem durch ein elastisches Teil ausgeoUbten vorbe-  4. Betriebsdetektor
fOr oinen Kondensatableiter stimmten Druck zum Feststellen von mechani-  10
nach Anspruch 1, dadurch gokennzeichnet, schen Schwingungen aufgrund sines
Dampf-           daB ein Temperatursensor (10) an einem obe- stromes und
eines Kondenswasserstromes in-        ren Endabschnitt der Sonde (2)
angeordnet ist, nerhalb des zu beobachtenden Objektes in          die in
Kontakt mit dem zu beobachtenden Ob- Kontakt gebracht werden kann,
jokt gebracht werden soil, so daBi eine Tempe- Membranmittel (21) zum
Erzeugen einer Ultra-  i5  ratur des zu beobachtenden Objoktes festge-
schallschwingung als Reaktion auf die mecha-       stellt wird, derart, dal
ein elektrisches Aus- nische Schwingung, die von der Sonde (2)
gangssignal entsprechend der festgestellten festgestellt wurde;
Temperatur erzeugt wird, und daR Temperatur- einen Schwingungssensor (16),
der gegenOber        daten vorliufig in dem Speicher (M) in dem den
Membranmitteln (21) zum Umwandeln der  20      arithmetischen Abschnitt
(50) gespeichert wer- Ultraschallschwingung in ein elektrisches Si-
den, wodurch auf der Basis eines Vergleichs gnal vorgesehen ist;
zwischen einem Ausgangssignal des Tempera- eine Schaltungsplatte (20) mit
einer Verstar-     tursensors (10) und vorbestimmten Daten, die
kungsschaltung zum  Verstarken eines Aus-          aus den in dem Speicher
(M) gespoicherten gangssignals des Schwingungssensors (16),  25
Temperaturdaten selektiv erhalten wurden, be- um das verstarkte
Ausgangssignal nach aulen       wertet wird, ob die Operation des zu
beobach- zu EIbertragen;                                   tendon Objektes
gut odor schlecht ist. wobei der arithmetische Abschnitt (50) auf- weist:
S. Betriebsdetektor fOr einen Kondensatableiter einen Speicher (M) zum
Speichern von Daten   30    nach Anspruch 4, dadurch gekennzeichnot,
entsprechend einer Auswahl von Kondensata-         daB der Temperatursensor
(10) in einer Austie- bleitern einschlieolich des zu beobachtenden
fung (41) der Sonde (2) durch einen Wirmei- Objektes;
solator (43) angebracht ist, um Warmeleitung elne Zentraleinheit (CPU) zum
Durchf~hren         ohne Einflul auf die Schwingungs~bertragung von
Berechnungen wahrend der Ausfthrung   35       durch die Sonde (2) zu
verhindern. eines Vergleichs zwischen dem von dem De- tektierabschnitt (1)
Ubertragenen Ausgangssi-  6. Betriebsdetektor fOr einen Kondensatableiter
gnal und vorbestimmten Daten, die aus den in       nach Anspruch 4 oder 5,
dadurch gokenn- dem Speicher (M) gespeicherten Daten ausge-
zeichnet, daB ein spitzer Vorsprung (62, 67) wihit wurden; und
40       am oberen Ende der Sonde (2) und eine Aus- Ausgabeeinheiten (D; S)
zum Anzeigen des          tiefung (63) an einer Stelle unterhalb des spit-
Berechnungsergobnisses  der  Zentraleinheit       zen Vorsprungs gobildet
sind, so daB der Tem- (CPU) und/oder zum Erzeugen eines Schall-
peratursensor (65) so gehalten wird, dali or von Ausgangssignals mit einer
h8rbaren Frequenz.       einem elastischen in der Austiefung vorgese- 45
henen Material (64) in Richtung auf den spit- 2. Betriobsdetektor fOr einen
Kondensatableiter       zen Vorsprung gedrUckt wird. nach Anspruch 1,
dadurch gekennzeichnet, daB der in dem arithmetischen Abschnitt (50)   7.
Betriebsdetektor fUr einen Kondensatableiter enthaltene Speicher (M)
gespeicherte Daten         nach einem der vorhergehenden Ansprache,
enthalt, die den Konstruktionsunterschieden   5o   dadurch gokennzeichnet,
daB die Membranein- der Auswahl von Kondensatableitern entspre-
richtung  zum  Erzeugen  einer Ultraschall- chen, so daB ein gemili den
Unterschieden in       Schwingung aufgrund der von der Sonde (2) der Art
des zu boobachtenden Objektes korri-       Ubertragenen mechanischen
Schwingung eine giertes Ergebnis ausgerechnet wird.                Mehrzahl
von Membranen (81 bis 84) aufweist, 



55      die in vorbestimmten Abstinden in einer axia- &  Betriebsdetektor
fOr oinen Kondensatableiter       len Richtung der Sonde angebracht sind.
nach Anspruch 1, dadurch gekennzeichnet, daB der in dem arithmetischen
Abschnitt (50) 10    17                EP 0 402 463 B1
18 &  Betriebsdetektor flr einen Kondensatableiter        sortie transmis
depuis la section de detection nach einem der vorhergehenden Anspr[che,
precitee (1) et les donndes preddtermin6es dadurch gekennzeichnet, daB die
Membran            obtenues selectivement depuis les informa- (21, 81 bis
84) und das Ultraschall-Mikrophon      tions susdites memorisees dans la
memoire (16) von einem hohlen elastischen Tell (34)   5    (M); et des
unites de sortie (D; S) destineos a umschlossen sind und ein Ende des
hohlen           afficher le resultat du calcul de l'unite centrale
elastischen Tells (34') an einem Membranmon-       de traitement des
donnees (CPU) et/ou a g6- tageteil (11) befestigt ist, so daR die mechani-
nerer une sortie sonore d'une frequence audi- sche Schwingung von der Sonde
(2) auf das          ble. Ultraschall-Mikrophon (16) ohne Beeinflussung
lo durch Schwingungsst6rungen von aulen Ober-      2. Detectour de
fonctionnement de purgeur de tragen wird.
vapeur suivant la revendication 1, dans loquel la m6moire (M) incluse dans
la section arith- 9. Betriebsdetektor flr einen Kondensatableiter
metique (50) comporte des informations m6- nach einem der vorhergehenden
Ansprfche,  15       morisees correspondant a une distinction dans dadurch
gekennzeichnet, daB die Schaltungs-        la construction de la vari6te
precitoe de pur- platte (20) an einem K6rper (5) durch ein ela-     geurs
de vapeur, de manibre qu'un resultat stisches Teil (39) befestigt ist und
Anschlfsse    corrigd suivant la distinction du type de l'objet des
Ultraschall-Mikrophons (16) flexibel mit An-   & d6celer est calcul6.
schillssen der Schaltungsplatte (20) durch Wei-  20 chen leitenden Draht
(92) verbunden sind, so    &  Detecteur de fonctionnement de purgeur de daB
die mechanische Schwingung von der             vapeur suivant la
revendication 1, dans lequel Sonde (2) zu dem Ultraschall-Mikrophon (16)
la m6moire (M) incluse dans la section arith- ohne Beeinflussung durch
Schwingungsst6run-        mdtique (50) comporte des informations qui y gen
von auBen Ubertragen wird.             25      sont m6morisees,
correspondant & des varia- tions de pression de vapeur d'eau a l'interieur
Revendlcatlons                                         des purgeurs de
vapeur, de sorte qu'un resul- tat corrigd suivant la pression de vapeur
utili- 1. D6tecteur de fonctionnement de purgeur de           see dans
l'objet susdit a examiner est calcule. vapeur, comprenant une section de
d6tection   30 (1) et une section arithmetique (50), celte sec-  4.
Detecteur de fonctionnement de purgeur de tion de detection (1) comprenant:
une sonde        vapeur suivant la revendication 1, dans lequel (2) agencee
pour etre amenee en contact avec       un d6tecteur de temperature (10) est
dispos6 & un objet a soumettre a detection, et ce sous       une partie
extreme supdrieure de la sonde une pression predetermin6e apportee par un
35    pr6citoe (2), qui doit Otre amenee en contact el6ment eiastique pour
deceler les vibrations      avec l'objet A examiner, de sorte qu'une tem-
mecaniques dues & un courant de vapeur             perature de cot objet a
examiner est decelee d'eau et a un courant d'eau condenseo & l'in-      de
manibre & gen6rer une sortie 4lectrique trieur de l'objet susdit a
examiner; des           correspondant & la temperature decel6e, et moyens
formant diaphragme (21) destines a   40     dans loquel des informations de
temperature generer des vibrations supersoniques en r6-        sont
memorisees prealablement dans la m6- ponse aux vibrations mdcaniques
susdites de-       moire susdite (M) de cette section arithmetique celees
par la sonde (2); un detecteur de vibra-    (50), de maniere A juger si le
fonctionnement tions (16) prevu & l'oppos6 des moyens a           de
l'objet precite a examiner est bon ou non, diaphragmo (21) pour convertir
les vibrations   45  sur la base d'une comparaison entre une sortie
supersoniques susdites en un signal electri-       du detecteur de
temperature (10) et les infor- quo; un tableau de circuits (20) comportant
un     mations predetorminees obtenues selective- circuit d'amplification,
pour l'amplification d'un  ment des informations de temperature susdites
signal de sortie du ddtecteur (16) susdit de       memoris6es dans la
memoire (M). vibrations, de maniere a transmettre la sortie  5o arnplifiee
vers l'exterieur; la section arithmeti-  5. Detecteur de fonctionnement de
purgeur de quo precitee (50) comprenant: une memoire          vapeur
suivant la revendication 4, dans lequel (M ) destinoe A mdmoriser les
donnees corres-      le detecteur de temperature (10) est attach6 



pondant & une variete de purgeurs de vapeur,       dans une pibce concave
(41) de la sonde (2) englobant ceux de l'objet susdit a examiner;  55   par
l'intermediaire d'un isolateur thermique une unite centrale de traitement
des donnees       (43) en vue d'empecher la conduction thermi- (CPU)
destin6e A realiser un calcul tout en        quo sans influence sur la
transmission des extcutant une comparaison entre le signal de
vibrations & travers la sonde precitee (2).    19                EP 0 402
463 B1                    20 6. D6tecteur de fonctionnement de purgeur de
vapeur suivant la revendication 4 ou 5, dans lequel une sailile extreme
pointue (62, 67) est Y.U' form6e & I'extr6mit6 superieure de la sonde (2),
et une partie concave (63) est formee en   5 une position inferieure a la
saillie extreme pointue pr~cit~e, de manibre que le ddtecteur de
temperature (65) soit maintenu press6 vers la saillie extrOme pointue
prdcitde par un 414- ment elastique (64) prdvu dans la piece conca-  1o ve
precitee. 7. Detecteur de fonctionnement de purgeur de vapeur suivant l'une
quelconque des revendi- cations precedentes, dans lequel les moyensa    i5
diaphragmo, destinds a la generation de vibra- tions supersoniques on
provenance des vibra- tions mecaniques precitdes transmises depuis la sonde
(2) englobent plusieurs diaphragmes (80 a 84) qui sont fix6s & des
intervalles prd-  20 determines dans une direction axiale de la sonde. 8.
Detecteur de fonctionnement de purgeur de vapeur suivant I'une quelconque
des revendi-  25 cations precedentes, dans lequel les diaphrag- mes (21, 80
a 84) et le microphone supersoni- que (16) sont entoures par un element
elasti- que creux (34), et une extrdmite de I'element 4lastique creux (34)
est attachee & un 4ldment  3o de montage de diaphragmo (11), de sorte que
les vibrations mdcaniques pr6citdes sont tran- smises depuis la sonde (2)
vers ce micropho- ne supersonique (16) sans influence de la part de bruits
vibratoires extdrieurs.          35 9. Detecteur de fonctionnement de
purgeur de vapeur suivant l'une quelconque des revendi- cations
precedentes, dans lequel le tableau de circuits (20) est attache & un corps
(5) par  40 I'interm6diaire d'un 6l6ment dlastique (93), et les bomes du
microphone supersonique cit4 (16) sont reli6es de manibre flexible aux bor-
nes du tableau pr6cite de circuits (20) par un fil conducteur souple (92),
de sorte que les   45 vibrations mdcaniques susdites sont transmi- ses
depuis la sonde (2) au microphone super- sonique (16) sans influence des
bruits vibratoi- res exterieurs. 50 55 12    


