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1. Me reflero a ml memorial de 3 de Jullo de 2002.

2. De conformidad con el precepto del Articulo 44 de la Decisién 486
y estando dentro del plazo de sels meses contados desde la fecha de la
publicacién de la solicitud en la Gaceta de la Propledad Industrial nimero
531 de 29 de Agosto de 2003, solicito a ese Despacho proceder a

realizar el examen de patentabllidad de la presente invencién.

3. Anexo me permito acompafiar recibo nimero 04-1.298, expedido
por la Superintendencia de Industria y Comercio, que acredita el pago de

la tasa que dicho examen causa.
Sefior Superintendente,

JOSE A NIO LLOREDA
T.P. 10.784

Cédigo 231
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Industria y'Comercic
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 01-67481

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO

EN LA GACETA DE PROPIEDAD INDUSTRIAL No 531, DE FECHA 29 DE AGOSTO DE 2003,

EL TERMINO HABIL SENALADO POR LA LEY EXPIRA EL 26 DE NOVIEMBRE DE 2003.

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacidn en la gaceta de
Propiedad Industrial, deberé solicitar y cancelar el examen de patentabilidad so pena de que la solicitud caiga
en abandono, de acuerdo con lo establscido en el Articulo 44 de la Dacisién 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

2020

Bogota D.C.

Doctor:

José Antonio Lloreda

Apoderado

REFERENCIA:
Radicaclén 01-67.481
Tramite 002
Evento (1[1}]
Actuacién 430
Oficio No 1 |, :..'335
Folios 033

Como resultado del examen de fondo, realizado conforme a lo establecido por el articulo
45 de la Decisién 486 de la Comision de la Comunidad Andina, se le comunica:

1. D cumentos estudiados:

Para el presente estudio se tuvo en cuenta la descripcidn de los folios 4 a 34, los dibujos 1
a 5 de los folios 39 a 43 y las reivindicaciones 1 a 12 de los folios 35 a 38, apartes que
comresponden a la radicacion inicial, y que se aceptaron.

El artlculo 9 de la Decision 486 de la Comisién del Acuerdo de Cartagena establece que,
“l.a primera solicitud de patente de invencioén... conferira al solicitante o su causahabiente
el derecho de prioridad para solicitar... misma materia. El alcance y los efactos del derecho
de prioridad seran los previstos por el Convenio de Paris... a) doce meses para las
patentes de invencion y modelos de utilidad...”.

La solicitud en estudio fue radicada el 17 de agosto de 2001, en ese momento ni
posteriormente no se reclamé prioridad alguna, por lo tanto, acorde a lo dispuesto por los
articulos 8 a 11 de la Decisién 486, no hay prioridad vélida relvindicada.

2, Objeto de la Invencién

Segun ia descripcion, el objeto de la solicitud consiste en suministrar un aparato para
monitoreo dindmico de estructuras, que proporciona informacién en tiempo real del estado
de una o mas estructuras para que, quienes hacen el mantenimiento puedan tomar las
decisiones pertinentes.

De otra parte, el pliego reivindica: un aparato para el monitoreo dindmico de estructuras,
relacionado en las relvindicaciones 1 a 8 y un conjunto de aparato(s) como el descrito en
cualquiera de las reivindicaciones 1 a 8, relacionado en las reivindicaclones 9 a 12.

Segun la IPC la clasificacion del objeto reclamado es GOSD 19/02.
3. Claridad de la solicitud:
El articulo 30 de la citada Decision indica que: “las reivindicaciones definiran la materia

que se desea proteger mediante la patente. Deben ser claras y concisas y estar
enteramente sustentadas por la descripcion®.
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Las reivindicaciones 1, 3, 4 y 9 incluyen explicaciones ajenas a la definicién que se
persigue, porque no son caracteristicas de estructura o de funcién entre los componentes
del equipo sino que explican el uso que se la va a dar a dicho equipo, en los siguientes
apartes: “ en donde dicho aparato... remota”, “en donde el microcontrolador... monitoreo”,
“en donde la bateria... solar”, “en donde dicho nodo... jreivindicaciones 1 a 10?".

Las reivindicaciones 7 y 8 no aclaran o delimitan una caracteristica de los medios que
componen el aparato o una funclén entre aquellos sino se refieren a efectos del uso como
lo seiialan las afirmaciones: "en tiempo real y de manera permanente” y, “el envio de la
informacion... se presentan”.

La reivindicacién 9 es inaceptable porque hace una doble referenciacion, la primera a las
reivindicaciones precedentes 1 a 8, lo cual NO se permite porque NO es posible
determinar qué se trata de definir si un “conjunto” o un “aparato”; y al final se referencia de
la 1 a la 10, esta dltima alin NO enunciada en el pliego.

Las observaciones de este punto se deberan resolver en conjuncién con las
observaciones del punto 5 de adelante.

Por las razones precedentes, se concluye que las reivindicaciones calificadas no cumplen
las disposiciones del articulo 30.

4. Evaluaclén de la unidad de Invencién:

El articulo 25 de la Decisién 486 establece que, “La solicitud de patente sblo podra
comprender una invencién o un grupo de invenciones relacionadas entre si, de manera
que conformen un Gnico concepto inventivo”.

El pliego calificado incluye dos grupos de reivindicaciones no enlazadas por un concepto
comun e inventivo, asl:

El primer grupo lo integran las reivindicaciones 1 a 8 que se dirigen a un aparato para
monitoreo dindmico de estructuras. '

El segundo grupo son las reivindicaciones 9 a 12 dirigidas a un conjunto de aparato(s) y
un nodo central enlazados en red en estrella.

5. No cumplimiento de los requisitos de patentabilidad:

El articulo 14 de la Decision 486 establece que: “Los paises miembros otorgaran patentes
para las invenciones, sean de producto o de procedimiento (...) Industrial®, (resaltado
fuera de texto). .
Para dar cumplimiento a tal requisito, y teniendo en cuenta que ni la Decislén ni el
reglamentario ni el Manual Andino establecen, taxativamente, como se debe definir cada
uno de esos conceptos, la oficina, acude a la Gula sobre el examen de las solicitudes de
patentes, publicada porla OMPI en 1982, la cual es para ayudar a los examinadores de la
oficinas nacionales en sus estudios.

En el parrafo 57 (de dicha guia) se especifica que existen dos tipos de reivindicaciones: de
producto y de procedimiento (método). Adicionaimente, el citado parrafo indica que las
reivindicaciones de producto deben definir, el objeto que se desea proteger, mediante las
caracteristicas estructurales é de funcion.

De alli, es evidente que un producto debe ser definido o bien por las caracteristicas de
estructura o blen por las caracteristicas de funcionamiento peroN mediante una mezcla
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de ellas ni menos por los efectos del uso.

Las reivindicaciones del pliego calificado incluyen mezclas de caracteristicas no
permitidas, como se evidencia de su redaccién, ejemplo:

“3. el aparato... un convertidor... para convertir... un microcontrolador... en donde... “
“5. el aparato... un modem... para el envio... y una antena...”.
“11. el conjunto... para el envi6...".

De lo anterior es evidente que la parte no subrayada son caracteristicas estructurales, y la
subrayada, caracteristicas de uso o consecuencias de mismo.

Por las razones expuestas la oficina considera, que el pliego no cumple las disposiciones
del articulo 14.

6. Determinacion del estado de la técnica:
La fecha para determinar el estado de la técnica es 17 de agosto de 2001.
Consultadas las fuentes de informacién con que cuenta este despacho se encontraron ios

siguientes documentos anteriores a la fecha de radicacion 17 de agosto de 2001,
relacionados con la materia de la solicitud:

No Documento Titulo Fecha de
publicacién
" 1 US 4 184 205 Data acquisition system 13 01 1980
I 2 DE 297 12 823U | Mefeinrichtung zur 18 09 1997
bauwerksiiberwachung
3 WO098/10 393 Vibration monitor and transmission 12 03 1998
system
4 EP 1 022 702 Super high frequency multipoint fixed- | 26 07 2000
access wireless communications I

7. Evaluaclén de los requisitos de patentabllidad:

En cumplimiento del articulo 14 de la Decisién 486, el cual, dispone que: “Los paises
miembros otorgaran patentes para las invenciones, sean de producto o de procedimiento,
en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel inventivo y
sean susceptibles de aplicacion industrial®; se procedio a evaluar los requisitos de fondo
con el objeto de establecer la patentabilidad de las reivindicaciones de la solicitud
presentadas para tal efecto.

Evaluacion del nivel inventivo

Conforme al articulo 18 de la decisién 486 que establece "Se considerard que una
Invencion tiene nivel inventivo, si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencién no hubiese resultado obvia ni se hubiese
derivado de manera evidente del estado de la técnica".
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La persona del oficio, normalmente versada en la materia técnica correspondiente, que se
puede encargar de solucionar el problema planteado en la presente solicitud, puede ser
un ingeniero electromecanico con experiencia en sistemas electromecanicos de medicién
de vibraciones, que conozca la composicién y los principios basicos de funcionamiento de
dichos sistemas o, por lo menos, que cuente con las condiciones necesarias para
informarse acerca de esos principios al consultar la literatura técnica respectiva.

La anterioridad 3 (WO 98/10.393) divulga una disposicién (aparato) para monitorear
estructuras (maquinas) que comprende:

a) un sensor de aceleracién o acelerdmetros, (ver pagina 7 lineas 28 a 30, figuras 1, 3
posiciones 4, 408);

b) un sistema de adquisicién de datos (ver pagina 8 lineas 9 a 15, figura 3 posicion 418) ;
c) una fuente de alimentacion o “sistema de suministro de energia®, que puede ser una
celda solar (ver pagina 10 lineas 14 a 20, figura 3 posicién 438) ;

d) un sistema de comunicaciones (ver pagina 9 lineas 10 a 14, figuras 1, 3);

e) una carcasa o gabinete de proteccidon que encierra y protege los componentes antes
citados y tiene medios para fijarla a la estructura, (ver pagina 7 lineas 16 a 20, figura 2
posiclén 402). Dicho aparato (carcasa) es portétil, que puede fijarse a una estructura a ser
monitoreada y transmitir datos a una estacién central remota (ver figura 1 posiciéon 6).

De lo precedente, es evidente que la publicacion revela todas las caracteristicas
esenciales de lo reivindicado, la unica diferencia consiste en que dicha publicacién no
menciona, explicitamente, que el sistema de adquisicion de datos 418 sea para calcular
las frecuencias y el desplazamiento.

Sin embargo, se trata de una técnica muy conocida en el arte como se puede ilustrar con
el antecedente 1 (ver el extracto, de linea 25 columna 1 a iinea 8 columna 2, columna 4
llneas 8 a 11) que se emplea para el mismo propésito.

Aun mads, un técnico en la materia sabe que el monitoreo de las vibraciones de una
estructura se realiza con base en la ampliitud (desplazamiento) y la frecuencia de dichas
vibraciones.

De lo anterior se concluye, que un técnico en la materia pudo haber derivado, de forma
evidente lo reivindicado en 1 del estado del arte, en consecuencia, esa reivindicacién NO
tiene nivel inventivo.

Respecto a las reivindicaciones dependientes estas, de un lado, quedan sin soporte al no
depender de una reivindicacién patentable; de otro lado, se refieren a componentes
ampliamente conocidos en el estado de la técnica, como se expone a continuacion.

La anterioridad 2, modelo de utilidad aleman DE 297 12 823U, ensefia un equipo fijable a
una construccion (estructura) que incluye 3 sensores, uno para cada uno de los ejes x, y,
Z y que son acelerébmetros (ver reivindicacion 2, la figura). Lo anterior destruye el nivel
inventlvo de la reivindicacién 2.

La anterioridad 3 (WO 98/10.383), que como se indicé armriba incluye un sistema de
adquisicion de datos, que se muestra en la figura 3, incluye un amplificador 412, un filtro
414 para la sefial entregada por el sensor (acelerémetro), un convertidor A/D 416, un
microprocesador 418 con una memoria 422. Esto destruye el nivel inventivo de la
reivindicacién 3.

La publicacién 3 también divulga una fuente de energfa que puede ser una bateria 438, un
monitor del estado de la bateria o una celda solar (ver figura 3, pagina 10 lineas 14 a 25).
De aqul que la reivindicacién 4 tampoco tiene nivel inventivo.
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La anterioridad 3 ensefia que el sistema de comunicacién incluye medios de transmisién
(ver reivindicacién 15); ademas, tanto la misma anterioridad 3 como los antecedentes 2y 4
divulgan las antenas transceptoras. Por esta razdn la reivindicaciéon 5 no tiene nivel
Inventivo.

Lo reivindicado en 6 es solo la eleccion de un tipo de modem para los datos a procesar, lo
que forma parte del trabajo diario de un técnico, por ello esta reivindicacion no tiene nivel
inventivo.

Los documentos 1 a 3 realizan el monitoreo de una estructura (méaquina o construccién)
de forma continua y en tiempo real, (ver pagina 12 lineas 25 a 29 anterioridad 3);
adicionalmente, el equipo transmite las sefiales en ciertos momentos (ver extracto de los
documentos 3 y 4), lo cual, destruye el nivel inventivo de las reivindicaciones 7 y 8,
ademas, son un uso como se sefialé armriba en 3.

La reivindicacion 9 se diferencia de lo revelado por el antecedente 3 en que no se revela,
explicitamente, el equipo de “almacenamiento, andlisis y alarma®, porque dicha
anterioridad divulga un conjunto de aparatos y un nodo central dispuestos en una red en
estrella (ver figura 1) cuya estacién central incluye un equipo receptor de comunicaciones
602, un computador 612 y una base de datos (ver figura 4, de linea 26 pégina 10 a linea 4
pagina 11).

En nuestra opinién, un técnico en el arte habria considerado muy necesario incluir un
“sistema” de alarma que informe a un supervisor el mal funcionamiento de uno o mas
aparatos del conjunto. Alin mas, la Gltima referencia (EP 1 022 702) lo divulga en el mismo
sentido, (ver de linea 9 columna 8 a linea 17 columna 7, figura 4 de ese documento). Lo
anterior provoca que la reivindicacion 9 no presente nivel inventivo.

Segun lo revela el antecedente 3 (ver figura 7), la antena 802 es para el envio y ia
recepcién de datos, que corresponde al dispositivo telemétrico que para poder funcionar
debe incluir una bateria 0 estar conectado a una fuente. Por esto la reivindicacién 10 no
tiene nivel inventivo.

Para un técnico en la materia es evidente, que para un sistema teleinformético pueda
enviar o recibir datos ademas de una antena se debe contar con un transceptor o un
modem; asimismo, un "conjunto” no funcionaria si no incluye una baterla o esta conectado
a una fuente de alimentacion; por estas razones, lo reivindicado en 11 y 12 es evidente del
estado del arte, por lo que no tienen nivel Inventivo.

A la luz de todo lo antes expuesto queda claro que el pliego calificado no presenta nivel
Inventlvo respecto del estado de la técnica, puesto que un técnico en la materia lo habria
podido derivar de allf sin ningan esfuerzo intelectual adicional.

En conclusién los requisitos de patentabilidad de la presente solicitud se encuentran
afectados asl:

N . | Documento Reivindicacion(es) Requisito
Afectada(s) que afecta
1 US 4 184 205; ver el exiracto; de | 1 Nivel inventivo

Ilnea 25 columna 1 a linea 8
columna 2, columna 4 lineas 8 a
11.

2 DE 297 12 823U, ver todo el | 2 Nivel inventivo
W documento.
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WO 98/ 10 393, ver de pagina 6
iilnea 31 a linea 30 pagina 7;
pagina 8 lineas 9 a 15; pagina 9
lineas 10 a 14; pagina 10 lineas
14 a 25; pagina 12 lineas 25 a
20; de linea 26 pagina 10 alinea
4 pégina 11; figuras 1 a 4, 7,
reivindicacion 15.

1a12

Nivel inventivo

EP 1022 702; ver el extracto; de
linea 9 columna 6 a linea 17

1a12

columna 7; las ﬂguras.

Nivel inventivo

En cumplimiento del articulo 45 de la decisidn 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias contados
a partir de la fecha de notificacién de la presente comunicacién. En el caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsisten impedimentos
para la concesion, se denegara la patente.

Notifiquese el presente oficig conforme a lo dispuesto en el numeral 5.2, literal ), del
ro de la Circular Unica No 10 de 2001.

capltulo quinto del titulo
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571 ABSTRACT

A date acquisition system utilizing a microcomputer
and incorporsting a plurality of monitors esch sdapted
to produce an clectrical signal indicative of a physical
condition of apparatus to be monitored. The electrical
npnhuefdvnmulhplqm;eqmpmmtmdmﬂog—
to-digital converters into the microcomputer which is
equipped with print-ont means. The system is such that
the level of any one or all of the signals from the respec-
tive monitars can be printed cut as well xs a change in
the condition of any signal. Means are incarporated into
the computer for calculating and printing the trend (i.c.,
the slope of a plot of signal amplitudes versus time) of a
succession of stored signals from any monitor which
would indicate a probeble malfunction of & device being
mouitored and the probable time to failure, In the case
whare the signals from the monitors comprisa vibration
signals, the system performs an automatic frequency
spectrum analysis whenever a probable or actual mal-
function is detected.
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1
DAYA ACQUISITION SYSTEM

While not Uimited thereto, the present invention is s

particularly adapted for use in monitoring vibrations
pmdneulbymhﬂn;nrotheﬂypuol‘mchmu-yma
complete industrisl installation, such as & refipery. By

monitoring vibrations in this manper, malfunctions and

probable future fuilures of any machines within the 10

industrial installation can be readily sscertziued; and

There are at present easentlally two types of data

dedicated minicomputer sys- !

acquisition systems-—ihe
tem and the simple dats logger. Computer systems gen-
mﬂylndndedinmmfordlumCITm

misals for display of dats and line for hard copy
of data. As a result, they require a relatively large capl-
tal investment. While simple data are relatively 20

loggers
incxpensive, they offer simple functions only soch as
logging data and comparing the date to setpoints.
SUMMARY OF THE INVENTION

In sccordance with the preseat invention, & data sc- 35

qnm-ymnmvﬂedwllnhdounotmqma

tained dot-matrix printer assembly.
Aﬂmmﬁunlofﬂudmaqnmmohhe
hmﬁmuemdutheommloflnlnmﬂml-

] incorporates frequency
analysis circuitry which provides frequency
sampling of input vibration signals over & wide range of
freqoencies in 1/20 octave steps. Only those frequencies

whose amplitudes are greater than 1096 of full scale are

.8

listed on the peper tape computer print-out, along with
the overall vibration level, Vibration apalysis s per-
formed automstically upon receipt af a trip or alarm
lsﬂllslhrlcllcnl-udtrudlhrmhrnychnnd.or
at preset intervals The paper tape print-out indicates
which channel has gone into a finlt condition and what
that condition was (Le., trip, alarm or trend alarm) ss
well a8 2 change in sny channel's condition.

The above and other objects and features of the in-
vention will become from the following de-
tailed description taken in connection with the sccom-
panying drawings which form a part of this apecifica-
tion, and in which:

FIGS. 1A and 1B (herelnafter referred to together as

FIGS. 2 and 3 graphically illustrate the manner in
which soccesive sampiled vibration level signals are
stared in the computer of the system and the
manner in which a trend (Le., time to failore) is deter-
mined; and

FI1GS. 4 and 5 graphically illostrate the operation of
the voltags tuned filter ntilizved in the spectrun analyzer
of the inventlon.

With refereace now to the drawibgs, and particularly
to FIG. 1, the data acquisition system shown includes
forty-cight channels or monitors for mondtoring a physl-
cal condition of s device to be monitored. Only monitor
Nos. [ and 48 are shown in the drawing and are identi-
fied by the reference nomerals 10 and 12 It will be
forther msumed for purposes of explanation that the
data acquisition system is 1o be used in a vibration moni-
toring systeny. Thus, cach monitor, mch as monitor 10,
hmnﬂblmmuhmmﬁﬁl

mﬁﬂqplyuhpmbﬂnmnlﬂphuﬂ.mlytb
lead for the last monltor 48 belng shown in the drawing
and identified by the reference numersl 23-48.

The osciflatory vibration signal from the pickup 14 s
also applied directly via lead 26-1 o u second multh-
plexer 28, The same is true of the remaining monitors,
the oscillatory signal for the isst moultor 12 being ap-
pﬂdmhd“mmduphwlnlnbdﬂnmonl
tors also & fAret and second

incorportes comparstors and
relays 30 and 32. In comparstor 30, for ezample, the

equals or exceeds the magnitude of the signal from
source 34, then s relay is actuated to produce a steady-
state direct current signal on lead 36-1 connected to the
input of a third multiplexer 38. The amplitude of the
direct current slgnal from rectifier 20 st which the relay
is closed to energize lead 36-1 is chosen arbitrarily and
represents that amplitude of the vibration signal which
signifies an alarm condition (Le., an imminent malfanc-
tlon). Similarly, the output of rectifier 20 is compared
with a direct current signal from D.C. reference voliage
source 40 in the comparetor and relay 32, the arrange-
mﬂnbelnsnuhthnwhuthelﬂpﬂnﬂeoﬂhem
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tion algnal reaches a point where the device being manl-
tored gshould be shot down, the relay is actusted to
energize lead 42-1. This trip signal on lead 42-1 is also
applied to the third multiplexer 38. Bven though the
equipment in question may be shut down automatically
upon receipt of a trip signal, ordinarlly mufficient mo-
mentum of the rotating parts, for example, will keep the
parts rotating for & mfficient period of time 1o permit &
meaningful spectrum analysis and data log to be taken,
Alarm and trip signals wre also applied to the multi-
plexer 38 from each of the other forty-sevea monitors,
the alarm sigonal from monitor 12 being on lead 36-48
and the trip signal from momitor 12 being on lead 42-48.

Included in each momitor, such as monitor 14, is an
external fault detector 44 adapted to detect faulty such
as a change in impedance due to breakage in the cable
leading to the pickop 14 or an inaccurate gap for a
non-contact vibration pickup such as that shown in U.S.
Pat. No. 3,707,671. Whenever an external fault occurs,

3

» signal is applied to the trip lead 4249, common to all 20

monitors, and applied to the multiplexer 38. As will be
scen, in the particular embadiment of the invention
shown herein, the aceurrence of an external fault at eny
monitor causes a printer to print-out “SYSTEM

ALARM" without identifying the channel from which 25

the fault signal was derived. This must bo derived by
manual examination of each monitor.

A manual progmmmer 4§, comprising an internal
Jjumper board, allows manusl selection of individual

channel parameters such & trip level setpoint for trend 30 ponents of an incoming

prediction and full-scale range for each channel, aloog
with appropriate units of measure such as mils, inches
per second or ('s. A selection of sixteen combinations
of (i.e., four binary bits) full-scale range in engineering
unity & provided for
choices, specified by the wser of the data acquisition
system, are coded into the custom-programmed module
or programmer 46 which forms part of the intsrnal
mmmw.mjmwhmmmhﬁvﬂul

each channel These sixteen 39

selection 1o any one of sixteen choices. In addi- 40

tion, functions common to all forty-eight charmels may
be selected on the jumper bourd 46, such as repetition
rate of sutomatic dats log print-out and “time untll tip™
setpoint of a trend alarm. Each of the inputs from the

programmer 46 passes through a digite! multiplexer 49 435

to a computer 50 along with the inputs from moitiplex-
era 38 and 24.

The multiplexer 48 i3 controlled from the computer
50 by means of a nine-bit address input 52. Similarly,
multiplexer 38 i controlled 50 as to select a particolar
input channel monitor via s seven-bit address input 54,
Multiplezer 24 is controlled by & aix-bit address input
36; however the output of the multiplezer 24 must pass
through an analog-to-digital converter 58 before being

fed into the digital computer 30 since the signals on 35

leads 22-1 through 1248 are direct corrent signals
whose magnitudes are proportional to the magnitudes
of the vibration signals being monitored. The multi-
plexer 28, to which the oscillatory vibration siguals on

1

4
in FIQ. 1 and identified generally by the reference nu-
meral 66. It comprises a single-double integrator 68
controlled by & signal from the computer 3. It is de-
gired to perform a spectrum analysis on a vibration
displacement signal Hence, if the signal detected by
any monitor is pot s displacement signal but rather =
velocity signal, a single integmation is performed 10
convert it 10 a displacement signal. On the other hand,
if the signal produced by a monitor is an acceleration
signal, a double integration is performed to convert the
acceleration signal to s displacement signal.

From the sixteen combinations selected by the man-
ual programmer 46, it is known whether or not integra-
tion is required and the gain required for amplifier 70.
For example, if channel No. 21 is programmed in mils
(ic., displacement), a single integration is required to
convert a velocity signal in inches per secoad to mils.
Additionally, the: gain of amplifier 70 is adjusted o give
a full-acale output for the vibration pickup
used. For example, if » velocity pickup for channel No.
10 has an ocutput of 764 millivolts RMS per inch per
second pesk, then the amplifier gain must be ten to
achieve a 7.64 volt full scale output required for & peak
detector 80 adepted to detect a peak voltage of 10 volts,
as dictsted by an igital converter 84.

The output of the integrator 68 is coupled through
the programmable gain amplifier 70 to the input of a
voltage tuned filter 72 which has a passband which
sweeps through the expected range of frequency com-
of the voltage tuned filter is schematically illustrated in
FIGS. 4 nd 8. The passhand of the filter, indicated by
tho reference oumeral 74 im FIG. 4 is cansed to sweep
through a frequency range of 600 cycles per minute to
600,000 cycles per minute. This sweep takes & totad of
tweaty-four seconds. However, in order to obtain a
good frequency sample, it is necessary to have the pass-
band dwell at each frequency being sampled for at least
2 cycles of the selected frequency. The dwell times are
shown in FIG. 3 and it will be noted that tha dwall time
for each frequency is 2 divided by the selected fre-
quancy. Thus, at the lowest fraquency of 600 cycles per
minute (10 cps), the dwell time is sbout 1/5 of & second.
The dwell time for each successive step decreases untll,
at a frequency of 6000 cycles per minute, for example, it
is 1/50th of a second. The time to sweep through the
band of ies firom 600 to 6000 cycles per minute,
aa ahown In FIG. 4, is about eighteen seconda; however
the time required to sweep through the band between
6000 and 60,000 cycles per minute is only four seconds;
and the time to sweep through 60,000 cycles per minute
to 600,000 cycles per minute is only abont two seconds.

The manner in which the passband sweeps through
the specirum is controlied via addres inputs or bits on
lead 76 from the computer 50 applied to the voltage
tuned filter 72 through a digital-to-analog converter 78.
Signals passing through the voltage tuned filter are
applied to the peak detector B0, the arrangement being
such that only thase frequencies whose amplitudes are

leads 26-1 through 26-48 are applied, is also controlled 60 greater than 109% of the full-scale value as determinea

by a six-bit address input 60. A strobe input is applied to
each of the multiplexers 24 and 28 via leads 62; while an

by the internal computer program will be listed in tha
computer print-out. The peak detector 80 is reset by

end of conversion signal from each of the analog-to-  signal oa lead &2 from the computer prior to each fre-
digital converters 58 and 64 is fed back into the com-  quency sample derived from the voliage tuned filter 72.

puter via lcads 64,

From the pesk detector 80, the signal pasees through

The cscillstory vibration signals at the output of the  the analog-to-digital converter 84 to the computer 30.
multiplexer 28 are applied to the novel spectrum snalyz-  The computer 50 includes the vsusl input-output inter-
ing apparatus of the invention, enclosed by broken lines  face 86 connected to a central processing unit 88, the
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von Beuwerken, wie z. B. Briicken.

aufwendig (Ultraschall, Werkstoffeninahme), geben aber andererseits mr unzureichend
den Bauwerkuzustand wieder. Individuelle Belastungen, Umiweitbedingungen und
unterschiedliche Sicherheitsenforderungen bewirken, daB die Nutzungsdaner und
Instandsetzungsarbeiten nicht optimal geplant werden kdmen Bei der Vielzahl der
vorhandenen Bauten und Instandsetzungskosten in Millisrdenhodhe bringt eine genaue

Zur Vebesseung der Uberwachung, speziell bei Brilcken, wurden verschiedene
MeBsysteme entwickelt, die das Schwingungsverhalten, die Lingeninderung oder den

Korrosionszustand erfassen Aus dem Vergleich mit den urspringfichen Werten bzw. -

Verinderungen kinnen Rilckschiiisse muf den Bauwerkszustand gezogen werden,

Sensoren, die am Bauwerk befistigt werden. Uber mehrere lingere Kabel stehen diese
mit der Energiequelle und einem Datenspeicher in Verbindung. Das erfordert einen
groBeren technischen Aufwand, da die Schwingungen in mehreren Ebenen und
Bauwerksabschritten erfalt werden missen. Die Ubertragung tber mehrere Leitungen
Kenntinie, 80 daB eine weitere negative Beeinflussung gegeben ist.

Zyr Senkung des technischen Aufwandes ist es bei MeBkopfen fiir Warmeleitumgs-
Velanmmmeter bekannt, Ober ein zweiadriges Kabel sowohl den Speisestrom, als auch
den Mefistrom zu Gbertragen (DE-OS 3130817). Nachieilig ist, daB jeweils eine separate
Spanmmgsquelle erforderlich wird. Die DE-OS 3518383 enthilt deshalb den Vorschiag,
ein zsitzliches drittes Kabel fiYr die Mefisignale 213 verwenden.
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bzw. Speicher drilich getrennt angeordnet Dus bedingt einen hohen technischen
Aufivand und den EinfluBl von Stérfaktoren.

Aufgabe der Erfindung ist es deshalb, die MeBwertarfasnmg von Schwingungen an
Bauwerken zu verbessern und den technischen Aufwand 2 senken,

Brfindungsgemal sind in der MeBeinrichiung mehrere Sensaren flir jeweils eine Ebeno
{Ober regelbare Verstirker und ADW mit einem Controlfler und Speiches verbunden. Dies
sind in einem abgeschirmten Gehluse zur unmitielbaren Befestigung am Bauwerk
angeordnet Der Controfler ist direkt oder tber einen zwischengeschalteten Master mit

Mit der Anordmung in einem Gehiuse entfiflen die Verbindungakabel, wodurch der
Aufwand und die Stéranfiliigkeit gesenkt wird. Die unmitteihare Unwandhung in digitale
Signalo und deren Verarbeining mindert zusitzfich mogliche Storeinfiilsse bei analogen
informationen. Die steuerbaren Verstirker erweitern den Arbeits- bzw. Einsatzbereich.
So kann der Multisonsor in allen Ebenen bei unterschiediichen Schwingungsinpensititen
angeordnet werden. Verinderungen durch Temperatur- und Alterungseinfilisse sind

Weitere glinstige Ansgestaltungen der MeSeinrichtung sind in den Unteransprichen
aufgefithr.

Nachfolgend wird die Erfindung an einem Beispiel niher erliutet.

Figur 1 zeigt das Blockschaltbild einer Melanordnung

Diese ist in einem nicht dargesteflten Gehfiuse angeordnet, welches unmittibar an einem
‘Brilckenbmurwerk zu befestigen ist. Es ist jeweils ein Sensor fiir eine Raumachss, sowie
ein Temperatur- und Schocksensor vorhanden. Die Sensoren mit regelbaren Verstirkem
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und elektronischen Potentiometem zur Nullpunkikomektur sind suf einem Board
angeardnet Die Ausgings sind tiber einem AD- Wandler mit einem Mikrocontroller, und
dieser mit einem Speicher verbunden. Diese Bauslamente sind auf einem weiteren Board
befestigt. Der Mikrocontroller ist iber eine Steverleitung mit den Potentiometem
verbunden

Abhdﬁequ,h-uhlderMmmAmhimﬂNumdﬂ'mmdm
Kanlle, sowie Einstellungen der Potentiometer sind im Mikrocontroller festgelegt.

8@,49’
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1. MeBeinrichtung zur Bauwerksiberwachung, bestehend aus an diesen angebrachten
Sensoren, die mit einem Speicher und Controller oder PC verbunden sind, dadurch
gekennzeichnet, das
» mehrere Sensoren fiir jeweils eine Ebene tber regelbare Verstirker und ADW
¢ und in einem abgeschirmten Gehituse zur unmittelbaren Befestigung am Bauwerk

angeordnet sind,
e wobei der Coniroller direkt oder iiber einen zwischengeschelteten Master mit der
seriellen Schnittstelle eines PC verbindbar ist.

2, Eimichng nach Anmspruch 1, dadurch pekenmichnet daB dre
Beschisumigungssensoren fiir die drei Raummchsen, am Temperstr- und ein
Schockeensor auf einem Sensorboard angeordnet sind

(7]

. Binrichtung nach Anspruch 1 und 2, dadurch gekennzeichnet, dal ein AD Wandler,

4, Emrichtung nach Anspruch 1 bis 3, dadurch gekennzeichnet, daB die Sensoren 2ur
steuerbaren Verstirkang und Nullpunktkorrektur mit dem AD-Wandler Ober

5. Bimrichtung pach Anspruch 1 bis 4, dadurch gekesmzeichnet, daB diese dber ein
Maodem und Netz oder Punk mit einem PC verbunden ist.

6. Einrichtung nach Anspruch 1 bis 5, dadurch gekennzeichnet, daB das Sensorboard
schwingungsfisst und das Elektronikboard elastisch in dem Gelsiuse angeordnet ist
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(57) Abstract

An spparatus Is disclosed consisting of one or more machine monltors {(4a-1) which attach to one or more machines to seuse a physical
characteristic of the machine, such as vibration or temperture, and produce wireless transmissions corresponding to the sensed characteristic,
and & command station (6) which receives the transmissions from the machine monitors (4a-1) and processes the information to give so
indication of the conditin of tho machine. The machine monitor Incorporaies a wiralass transmitter (446) to transmit the sensor dats, and
the command station (6) incorporates 2 wireless receiver (618) to recelve the sensor dats. In the preferred embodiment of the Invention, the
md:iumbn(&-l)_mnﬂmﬁuﬂymhnmmmlyumﬂmuwdﬁubm-onmmwl
timer circuit (414) within each monitor. Bach machine monitor includes a microcomputer (418) to analyze the sensar dam snd & memary
(412) to stgre the analyzed sensor datn. Repeaters (8a-d) 1o facilitats communication between the command station and machine monlsors

Alv necesswry.
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scheduling commands. The monitor transmitter responds to the turn-on signals to power on
and, under control of the monitor computer, produces wireless transmission signals. The
monitor receiver is also responsive to the urm-on signals to power on and, under control of
the monitor computer, receive wircless signals from the command station. The monitor
receiver transfers the data received from the command station to the monitor computer for
execution.

‘The preferred embodiments of the invention will now be described in further detail.
Other features, aspects. and advantages of the present invention will become better
understood with regard to the following description. appended claims, and accompanying
drawings where: .

FIG. 1 shows 2 block diagram of a preferred embodiment of the invention;

FIG. 2 is a drawing of the machine monitor element of a preferred embodiment of the
inventjon;

FIG. 3 shows a block diagram of the machine monitor element of a preferred
embodiment of the invention;

FIG. 4 shows a block diagram of the command station element of a preferred
embodiment of the invention;

FIG. 5 shows a block diagram of the transmit and receive sections of the machine
monitor and the command station of an aiternative embodiment of the invention;

FIG. 6 shows a block diagram of the machine monitor element of an alternative
embodiment of the invention; and

FIG. 7 shows a block diagram of the repeater element of a preferred embodiment of
the invention.

system shown in Fig. 1 is used when it is desirable to remotely monitor certain machine
characteristics, but it is undesirable 1o install wiring between a remote monitoring station
and a sensor on the machine. The system consists of: (1) one or more machine monitors 4
which are placed in various locations on, or in, one or more machines and which transmit

6
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signalg representative of characteristics of the machine, such as vibration or temperature, (2)
a command station 6 which receives the signals transmitted from the machine monitors 4
and formats the data as desired by an operator, and (3) one or more repeaters 8 which aid in
communication between the machine monitors 4 and the command station 6 when site
conditions make such aid necessary.

The basic components of the system may be configured in various ways, some of
which are illustrated in Fig. 1, to meet the requirements of the particular location where the
system is used. If a particular machine is located such that machine monitors 4 placed on
the machine are beyond the receiving range of the command station 6, or are out of the line
of sight to the command station 6, a properly located repeater 8 is used to receive the signals
from the machine monitors 4 and retransmit the signais to the command station 6. In some
situations, more than one repesater. 8 is necessary to provide for communication between the
machine monitors 4 and the command station 6. In other situations, direct communication
between the command station 6 and the machine monitors 4 is possible without the use of a
repeater 8.

As shown in Fig. 2, the machine monitor 4 of Fig. ! is contained in a compact
housing 402, such as a two-inch diameter by three-inch long cylinder with self-contained
attachment means 404, such as a magnetic mount, so that the monitor may be easily attached
to the machine even in cramped locations. An antenna 406 is integrated with the housing of
the preferred embodiment, such as shown in Fig. 2.

In Fig. 3, a functional block diagram of the machine monitor 4 of Fig. 1 is shown.
Each machine monitor 4 contins at least one sensor 408 which is integrated with the
machine monitor housing in such a manner that the desired machine characteristic is
accurately measured when the machine monitor housing is fastenad to the machine. The
machine monitor 4 has connectors 410 so that one or more remote sensors 408 may be
interfaced with the data processing and transmission circuitry of the machine monitor 4. In
this manner, the characteristics of interest may be measured at several locations on the
machine while transmitting the measured data from only one machine monitor 4. The
integrated and remote sensors 408 are devices such as small, low-power, low-cost
accelerometers, and instantaneous turn-on solid-state temperature sensors. The
accelerometers, such as the type number 353B18, have an accuracy of + 5% from 1 to
10000 Hz and + 3 dB up to 30 kHz, and a tumn-on settling time of less than five second.

7
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The temperature sensors, such as the type number LM60, have an accuracy of + 2°C over
a 0 to 80°C temperature range.

The sensor signals are amplified by an amplifier 412, such as a digitally-controlled
variable gain amplifier incorporating a chip of type number L.M6684. The sensor signals
are filtered to eliminate aliasing by means of an anti-aliasing filter 414, such as a simple
resistor-capacitor {RC) low-pass filter or a two-pole Sallen-Key active filter, and are then
converted into digital format by an analog-to-digital converter 416, such as a2 16-bit Sigma-
Delta converter of type number CS5330.

The digital sensor signals are fed to a monitor computer 418, such as the Toshiba
TMP93CM41 microcomputer. Examples of circuits incorporating this microcomputer are
detailed in the Toshiba 16-Bit Microcontroller TLCS-900/L. MCU Series (2) Data Book
(March 1995). The monitor computer 418 includes a data processor 420 which performs
16-bit operations with 32-bit extended registers. The monitor computer 418 also
incorporates a memory 422 consisting of at least 32 kilobytes of static RAM, a timer 424, a
serial interface 426, and a battery status monitor circuit 428.

In the preferred embodiment of the invention, the sensors 408 are not continuously on,
but are turned on at intervals which have been programmed into the monitor computer 418.
The duration of the measurement interval, during which the sensors 408 are on, is three
seconds, just long enough for the sensors 408 (o settle and take a measurement. The
frequency of the measurement interval, selectable by the operator, is typically on the order
of one per every twelve hours, thus minimizing battery drain and extending battery life.

To conserve power, most of the time the monitor computer 418 stays in a standby
mode requiring less than 100 xA of current, and enters an operational state only at
scheduled times. At these scheduled times, a message from the timer 424, the monitor
computer's only active component while in standby mode, causes the data processor 420 to
enter an operational mode and begin processing data from the sensors. The data processing
tasks include such functions as (1) production of time wave form vibration data
corresponding to the sensor signals, (2) calculation of fast Fourier transforms (FFT's) on the
time-domain sensor data to produce frequency-domain data, (3) comparison of the analyzed
sensor data to preprogrammed threshold criteria, and (4) production of an alarm message if
the threshold criteria is exceeded. Depending on its preprogrammed instructions. the data

ar
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processor 420 either sends the processed data over the serial interfaee426mheinumd§teBly
transmitted, or stores the data in memory 422 for transmission at a later scheduled time.

To further conserve power, the monitor 4 transmits the data only during
preprogrammed intervals, the timing of the intervals provided by the timer 424, These
transmit intervals cither coincide with the measurement intervals of the sensors 408 such
that real-time sensor data is transmitted, or the transmit intervals are scheduled such that
data previously stored in the machine monitor memory 422 is transmitted. Transmission
scheduling is controlled by the operator according to instructions programmed into the
monitor computer 418.

In the preferred embodiment of the invention, the data is transmitted from the machine
monitor 4 to the command station 6 in a spread spectrum format. In this scheme, & radio-
frequency (RF) signal is modulated using a digital coding sequence which spreads the signal
energy over a fairly broad bandwidth, thereby making the signal resistant to interference
from other nearby RF emiiters,

As shown in Fig. 3, the preferred embodiment incorporates a radio frequency (RF)
transceiver 430 which performs data trapsmission as well as data reception. The transceiver
430 of this preferred embodiment further consists of a medulator/demodulator circuit 432,
such as the Stanford Telecommunications STEL-2000A spread spectrum processor, which,
in the transmit mode, modulates an intermediate frequency (IF) signal with the baseband
digital sensor data. The IF signal is fed to an up-converter/down-converter circuit 434, such
as the TriQuint FCO506BB, which converts the IF signal into an RF signal to be transmitted
from the antenna 406.

The transceiver 430 of the preferred embodiment also provides for receiving and
decoding messages from the command station- 6 which are transmitted to the machine
monitor 4 in the form of RF signals. Such messages include: (1) timing messapes which
synchronize the machine monitor timer 424 to the command station computer’s clock, (2)
scheduling messages which tell the machine monitor 4 when to measure, analyze, and
transmit the sensor data and when to receive other messages from the command station 6,
(3) confirmation messages which tell the machine monitor 4 that the command station 6 has
accurately received the sensor data transmissions, (4) special request messages which
command the machine monitor 4 to perform specizl data analysis functions, and (5)
reprogramming messages which provide new programming for the monitor computer 418.

v 4
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The RF signals from the command station 6 are received by the antenna 406, down-
converted to IF by the up-converter/down-converter circuit 434, demodulated by the
modulator/demodulator circuit 432 to form baseband data signals. and fed over the serial
interface 426 to the data processor 420.

The receive circuits of the machine monitor transceiver 430 are not continuously on,
but, to conserve power, are turned on only when necessary to receive messages from the
command station 6. The "on time" of the receive circuits is scheduled by the operator
according to instructions programmed into the monitor computer 418. At the scheduled
times, a message from the timer 424 causes the monitor computer 418 to send power-on
messages to the receive circuits of the monitor transceiver 430. The receive circuits stay
cnergized until an error-free message is received from the command station 6, at which time
the monitor computer 418 sends a shut-down message to the receive circuits of the monitor
transceiver 430.

With continued reference to Fig. 3, a power supply 438, such as a replaceable "D-
cell® flashlight battery provides the voltage necessary for the functioning of the active
clements of the machine monitor 4. Under normal operational conditions, such a battery
will provide power for the machine monitor 4 for at least one year. The power supply 438
may alternatively consist of a rechargeable battery, such as a nickel-cadmium cell, and a
charging voltage source, such as a solar cell or a wire coil moving across a magnetic field
produced by the machine on which the machine monitor 4 is attached. The battery voltage
is monitored by a battery status monitor circuit 428 which provides a battery status message
to the monitor computer 418. The monitor computer 418 is programmed to transmit this
battery staus message to the command station 6 as part of a regularly scheduled sensor data
message, and to transmit a battery status alert message when the battery voltage falis below
a programmed threshold ievel.

A block diagram of the preferred embodiment of the command station 6 of Fig. 1 is
shown in Fig. 4. The RF signal transmitted from the machine monitor 4 is received by an
antenna 602 at the command station 6. A transceiver 604, which includes an up-
converter/down-converter circuit 606 and a modulator/demodulator circuit 608, such as
those previously discussed in the description of the machine monitor 4, downconverts and
demodulates the RF signal to recover the digital sensor data. The sensor data is fed over a
scrial interface 610maconumnd;uﬁonconmutcr612. such as a personal computer

10
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incorporating a Pentium processor or equivalent, where the information is monitored in real-
time for machine fault conditions and is entered into a data base for off-line trend analysis.
The transmit circuits of the command station transceiver 604, provide for the transmission
of timing, scheduling, and programming messages to the machine monitor 4.

In an alternative embodiment of the invention, the machine monitor 4 communicates
with the command station 6 by means of light waves. As shown in Fig. 5, the machine
monitor transmitter 446 of this emboditment receives digital sensor data from the machine
monitor serial interface 426 and modulates an ¢lectrical signal which drives a light emitting
device 448, such as a light emitting diode (LED). The light emitting device 448 converts
the electrical signal from the transmitter 446 into light waves which are modulated with the
digital sensor information. At the command station 6 of this embodiment, a light detecting
device 616, such as a photodiode, .receives the light waves from the light emitting device
448 of the machine monitor 4 and converts the light waves into an electrical signal. With
continued reference to Fig. 5, the command etation receiver 618 amplifies and demodulates
the electrical signal at the output of the light detecting device 616 to form a digital electrical
signal which is compatible with the data format of the command station serial interface 610.
The sensor data is then passed over the serial interface 610 to the command station computer
612 for processing as described above. A similar series of operations are performed to
transmit messages from the command station 6 to the machine monitor 4 as shown in Fig. 5.

The preferred embodiment of the invention provides for error detection in the data that
the command station 6 receives from the machine monitor 4. With the preferred error
detection scheme, the machine monitor 4 transmits a 16-bit cyclic redundancy check
(CRC16) message immediately after transmitting the sensor data message. Upon receipt of
the sensor data message and the CRC16 message, the command station 6 computes its own
CRC16 message based on the received data and compares it to the received CRC16
message. If the received and computed CRC16 messages match, then no errors exist in the
received sensor data, and the command station 6 transmits an acknowledgment message to
the machine monitor 4 to confirm that the sensor data has been accurately received.

To preclude the possibility of a transmission from one machine monitor 4 interfering
with a transmission from another machine monitor 4, data transmission times for each
machine monitor 4 are scheduled such that only one machine monitor 4 is transmitting at
any given time (time division multiplexing). By accurate synchronization of the machine
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monitor timer 424 with the command station clock, the command station 6 "listens” for the
transmission of only one machine monitor 4 at the precise time when the command station 6
has commanded the machine monitor 4 to transmit.

To enable the command station 6 to verify which machine monitor 4 is transmitting a
data message, each machine monitor 4 transmits a unique identification code prior to the
sensor data message. The identification code combined with the sensor data message
comprise a data packet. The identification code is stored within the machine monitor 4 by
means such as a set of DIP switches or a non-volatile RAM, the state of which determines
the value of the identification code to be stored in the monitor computer memory. The
identification code transmitted by the machine monitor 4 is received by the command station
6, and the command station computer 612 compares the code to values stored in a table
within the command station computer 612.

In an alternative embodiment of the invention, the possibility of interference is
reduced further by programming each machine monitor 4 to transmit with its own distinct
spread spectrum pseudo-noise (PN). code {code division multiplexing). The command
station 6 then listens for a particular code assigned to a particular machine monitor 4 at the
designated transmission time.

Another alternative embodiment of the invention wtilizes frequency multiplexing to
preclude interference between transmissions from multiple machine monitors 4. In this
embodiment, each machine monitor transceiver 430 is assigned a unique frequency band
over which to transmit the sensor data to the command station 6. The command station
transceiver 604, as commanded by the command station computer 612, listens for a
particular machine monitor 4 on the assigned frequency band at the designated transmission
tirne.

While the preferred embodiment of the invention transmits a signal from the machine
monitor 4 to the command station 6 only at scheduled times, it is contemplated that the
machine monitor 4 could also incorporate means of continuously sensing an extreme fauit
condition of the machine being monitored, such as the use of tuned reed switches for
detecting an extreme vibration condition. When such an extreme fault condition occurs, the
monitor computer 418 "wakes up”‘from the standby mode, processes the signal from its one
or more sensors 408, and transmits a data packet consisting of the machine monitor*s
identification code and the sensor data to the command station 6. To avoid interference with

12
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14. The system of Claim 1 further comprising said transmitter means and receiver
transmitting and receiving a digital signal, respectively, with an error checking
protocol.

15. The system of Claim 1 wherein said transmitter means further comprise radio
frequency transmitter means and said receiver means further comprise radio frequency

receiver means.

16. The system of Claim 8 wherein said transmitter mezans further comprise radio
frequency transmitter means and said receiver means further comprise radio frequency

receiver means.

17. The system of Claim I wherein said transmitter means further couq)ris.e spread '
spectrum transmitter means and said receiver means further comprise spread spectrum
receiver means, each using a spread spectrum communication protocol to avoid interference
from other radio frequency emitters.

18. The system of Claim 8 wherein said transmitter means further comprise spread
spectrum transmitter means and said receiver means further comprise spread spectrum
receiver means, each using a spread spectrum communication protocol to avoid interference
from other radio frequency emitters.

19. The system of Claim | wherein said transmitter means further comprise light
wave transmitter means and said receiver means further comprise light wave receiver

means.
20. The system of Claim 8 wherein said transmitter means further comprise light

wave transmitter means and said receiver means further comprise light wave receiver
means.
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(54) Self-powered wireless tnnduc.er

(57) Aecall-powerad wireless transducer (10) & dis-
closed for monitoring external physical conciitions, such
a8 axcessive vibrations in a bearing. The transducer
includes an enargy corversion eource (16), such as a
plexoelactric gensor t0 cense the extarmnal physical con-
dition and craate a power and charactericlic signal that
is used to power an RF transmitting circuit (26). A trans-
mitter (30) is provided 10 tranemit signals indicative of
the extarnal physical condition, or changes in that phye-
ical condition, such as ncreased vibrations in a bearing
o detect bearing faults before a breakdown. In this
mamner, the monitored machinery can be shutdown in
an orderly manner and prevenialive maintenance can
be completad. The seif-powered wireless transducer
{10) indudes an voltage storage device (24) 1 recelve
alecirical voltage from the plazoelectric sansor (16) and
a voliage detector (26) to detect the level of voltage on
the voltage atorage device (24). Once the voltage detec-
tor (26) detecis a leval of voltage at a predetermined
level, an osdiiiating transmitiing circuit (28) Is activated
for a brief hysteresis period of the voliage detector (26).
The information transmittad not only includes any fault
detection, it also inciudes an atidress of the origin of the
fransmission.
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Componen! Value
L1, L2 10pH
C1-G4 0.1yF
o] 4.7yF
C8,C7,C8 100pF
Co 2.2pF
c10 100pF
R1,R2 10k2
R3 100
L3 3.3nH
SAW 34 RFM RP1285
Q1 NEC NE85633
Voltage Detector 32 | Panasonic MN13812C

[0020] In operation, the drcuit 20 rectifies the A.C.
Inputs 18 from the transducer In the rectifier circuit 20
and charges a low leakage capaciior In the energy &tor-
age device 24 untll the capacitor voltage reachos a pre-
determined thveshold, approsximately 2.1 wvolts, as
determined by the woitage comparator 32. When the
detector 32 senses that the predetermined wvoltage
value has bean reached, the oulput 33 of the detector
geis pulled low which activates the AF transmitter Gircuit
28. The tranamiiter circult 28 quickly discharges the
capacttor CS such that the output from the transmitter is
a short AF burst. Tha duration of the burst I a function
of the capaciiance of capacitor C5 and the discharge
rate of the transmitier circuit 28. By varying the values of
capacitor C5 In different wireless transducer unite, the
RF bursi duration can be ueed to identify that particuler
unit. Alternatively, the digcharge rate of the franemitter
circuit 28 can be modilied 1o change tha burst duration.
[0021] The hysteresis In the voltage detecior 32 is
set to approximately 100 mV such that if tha pradeter-
mined voltage vaiue were set to 2.1 volts, when the out-
put 33 goes low causing the transmitter circuit 28 1o
begin to oscllate and thus drain capacitor CS, the trans-
mitter circuit 28 continues to transmit untdl the voitage
acroes capacitor C5 reaches 2.0 volis, at which time the
output 33 of the detector 32 goes high, and the capeac-
tor CS begins 10 charge up to 2.1 volis and the cycle
repeats. While the oulput 33 of the datector 32 is low,
the transmitter circuit 28 tranemits at the irequency of
the resonator 34, which in the preferred embodiment, is
918.5 MHZ

[0022] Refaring to Fig. 3, an exempiary RF signal
38 is shown 1o define the pulse width 40 and tha pulse
repatition pariod 42 for an RF signal from any particular
transmitter. As indicated by the pulse width of the AF
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signals TX1 and TX2, each of the transmitters is pro-
vided a unique address based on the width of the pulse,
which doses not change. Howevear, the puise repeiition
pariod changes as the extamal physical condition
changes. For axample, in the case of sensing vibratory
motion, as the vibrations Incresse, the pulsa repetition
period Increases. The transmitied cignal can then be
processed after recaption at a remote location,

[0023] Refarring to Fig. 4, the wireless transducer
of the present invention is incorporated into a fault
detection systemn 48 comprising & numbar of seli-pow-
ered wireless tmneducers 50, 52, each mounied in an
ademnal siruchre 54, 56, respeciively. The edemal
struchwe can be difierent locations on the same struc-
ture, or can bs complelaly cifferent siruciures such as
two different bearings In the same machine, or two di-
ferent bearings in different machines. The number of dif-
ferent tranamitters that can be used Is Emited only by the
praciaion of the components selected and the amount of
processing decired to be done after reception, Each of
the self-powared wireless transducers 50, 52 therelore
franamit at a distinct fraquency 58, 80.

[0024] The fault detection system 48 also includss
a recaiver 62 and a processor 64 to receive sach of the
distinct frequency tranemissions 58, 60, from each of
the trunsmitters 50, 52 end ditferentiate which celi-pow-
ered wireless tranaducer 50, 52 produced each of the
distinct frequency trarmmissions 58, 60 and determine
whether any of the tranemiesions contain a fault detec-
fion. Inthe preferred embodiment, the distinct frequancy
franemission Is the same RF frequency, but it Is trans-
mitted at different pulsa intervals. i no faults are
detected, the processor 64 displays or lluminates a
clear or OK indication 66. However, if the processor 64
locates a fault, the processor 64 activaies an alarm 68
and provides an indication 70 of which of the self-pow-
ered wireless transducers 50, 52 is tmnemiting the fault
detecion signal. The processor 64 and recelver 82
receive power vig bus 72 and oplionally provide an out-
put 10 a network on bus 74 for centralized display and
reporting.

[0025] The presant invertion ajso inchxies a
method of detecting vibration faults which includes the
steps of mounting a housing on a siructure to be moni-
tored 5o as to raceive vibratory motion from the struc-
fure on at least a portion of the housing and converting
vibratory power within the housing as a result of receiv-
ing the vbratory motion into electrical energy. The
method nead includes storing the converted energy at
least unill the stored energy reaches a predetermined
level, and then activating an RF fmnemitter when the
stored energy reaches the predetermined level. The
method nest includes transmitting an AF aigna! indica-
tive of any vibrafory faults in the struchue which the
housing Is maurtted in.

[0026] The atep of transmitiing the RF signal is fur-
ther definad as transmiiting an RF signal indicative of an
RF transmitter's identity such that a receiver and a proc-
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assor can identty the AF transmitter that transmitied
that particular AF signal. The process next includes
recgiving the AF signal at a remote location and
processing the RF cignal o determine a changs in
receivad vibratory motion in the structure being moni-
tored. Optionally, the method can include diepiaying an
indication of the RF transmitier's kisniity and activating
an alarm fo ingicate any fault condition found. The proc-
ess includes comparing past RF eignals received 1o a
present AF signal, and if & present AF signal incresses
in frequency beyond a predetermined limit, then an
alarm is activated to indicate that vibratory motion has
increased beyond tolerance within the structure and
preventative maimenance |e required. In the preferred
ambodimant, the frequencies compared are the pulse
repetition period. However, the particular RF frequsncy
may equivalently be modified.

[0027] The presant invention has been described in
terms of the praferred embodiment, and It s recogrized
that equivalents, allematives, and modifications, aside
from those exprassly sleted, are posable and within the
scope of the appending daims.

1. Awirelese transducer (10) comgrising:

a housing (12) adaptable to maniior an external
physical corciition of an external siructure {54,
586);

an energy corwersion source (18) mounted
within the hausing (12) 10 sense the exiernal
physical condition and creaie a power and
characteristic signal in response to the axternal
physical condition, the power and characteristic
signal having s characteristic ol the edernal
condltion;

& fransmitier {30) mounted in the housing {12)
and comnected to the energy conversion
source (18) to receive the power and character-
istic signal and tansmit a monitoring signal, the
transmitter (30) recaiving power only from the
enargy conversion source as a source of
power.

2 The wiralass ransducer (10) of daim 1 wherein the
housing {12) is adapted & sense vibmtory move-
mertt and the energy conversion source (16) Is a
piezoelechic sansor which provides the power and
characteristic signal.

3. The wireless traneducer {10) of claim 1 wherein the
power and chamecteristic signal Is an A.C. voliage
signal and wherein the wireless traneducar (10) fur-
ther comprices a rectifier cireult (22) to rectily the
A.C. power and characteristic signal.

4. Thewireless traneducar (10) of claim 3 further com-
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prising an energy slorage device (24) and a energy
level detector (26), the energy eidrage device (24)
is connected to the energy conversion source (16)
and the enargy level detector (28) s connected to
the enargy slorage device (24), and wherein the
energy slorage device (24) is capable of storing the
reciified A.C. power and characterstic eignal at
least urrt the energy level datactor (26) detecis a
predetermined enargy leval.

8 The wiréless transducer (10} of claim 4 wharein the
energy storage device (24) is a capacitor (C5), the
capacitance of which Is selectad to set a pulse
width (40) of the monitoring signal (38) such that a
number of wireless transducers (50, 52) can each
produce a unique moniioring signal (TX1, TX2),
and the snergy level detector (268) comprises a volt-
age comparator (32) having a hysieresis in which
the monitoring signal (38) s tranemitted.

8. The wiralews transducer (10) of claim 5 further com-
prising a trensmitter circult (28) containing the
tranamitter (30) and connected to the energy stor-
age device (24) and the anergy level detector (26),
the tmnamitter circuit (28) being activatad when the
enargy level detecior (28) detecis the predeter-
minad energy leval which thue aclivates the frans-
mitter (30) in response therein.

7. The wireless transducer {10) of claim 8 wherein the
mnsmitter circuit (28) comprisas a tansistor (Q1)
and a resonator (34) connecied to a bass of the
transistor (Q1) o aclivate the transmitter (30) at a
desired frequency.

8. The wireless transiucer (10) of claim 1 wherein the
transmitter {30) ks a radio frequency RF tranemitter.

8. The wireless transducer (10) of claim 8 wherein the
transmitter circult (28) drains the energy stomge
devica (24) when activated unil energy In the
energy storage device (24) falls below the pradetsr-
mined anergy level.

10. Afault detection system (48) comprising:

a plurality of self-powered wireless transducens
{50, 52), each comprising:

& housing (12) adeptable 1o monitor an external
physical condition of an external siruchure;

an enargy conversion source (18) mounted
within the housing (12) to sense the axternal
physical condition and creaie a power and
chamcteristic gignal in responsas to the axtarnal
physical condition, the power and characteristic
signal having & chamcheristic of the external
condifion;

a franemiiter (30) mounted In the housing {12)
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