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Summary of Facts and Submn ssions

1859.D

The present appeal |ies against the decision of the
exam ni ng di vi sion refusing European patent application
No. 93 202 794.9. In the decision under appeal,
reference was nmade to the foll ow ng docunents:

D1: EP-A-239 537

D2: US-A-4 427 940

The application concerns apparatus for detecting
anonmalies in a magnetically perneable materi al,

particul arly conveyor belts, and was refused for |ack
of novelty of claim1l as then under consideration over
docunent D2. The appell ants requested the setting aside
of the decision and the granting of a patent, oral
proceedi ngs bei ng requested before issue of an

unf avour abl e deci si on.

During the witten proceedi ngs, the appellants
submtted that:

Docunent D1 is the nost relevant prior art and the

i nvention is distinguished therefromby the cl ai ned
apparatus providing first and second nagnetic field
conponents in the sane direction and sensing neans
bei ng arranged to respond to changes in the difference
of the field intensities of the conponents.

Problens of the prior art are that high field
intensities nust be used to detect field | eakage and
t he sensing neans have to be placed near the wires to
detect as nuch field | eakage as possi bl e. Measurenent
I s dependent on distance so that flutter of the
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magneti cal |y perneabl e nenber, a belt, will influence
nmeasurenent even to the extent of elimnating a peak in
the magnetic field. These problens are elim nated by
the invention because both field conponents extend

t hrough the belt and difference in field is nmeasured
whi ch is independent of distance. Only when an anonaly
is located will a field be detected because ot herw se
the difference between the fluxes is zero.

The teaching of docunent D2 is al so based on field
| eakage and so will not provide the solution according
to the invention.

During the witten proceedi ngs, the board indicated
that two enbodi nents are described in the application,
with reference respectively to Figures 1, 2 (sensor set
24) and 4,5 (sensor sets 124 and 126). It seened that
docunent D2, disclosing one sensor and field conponents
inawre rope in the sane direction, was the closest
prior art to the first enbodi nent and docunent DI,

di sclosing two longitudinally spaced apart sensors, the
cl osest prior art to the second enbodi nent. The board
observed that the subm ssions of the appellant rel ated
to the problemof belt flutter, with which the
description indicated the second enbodi nent was

concer ned.

The clained features identified by the appellant and

al so reading on to the first enbodi nent did not seemto
differ fromthe disclosure of docunent D2, since
according to this docunent the field conponents

provi ded by coils are also in the sane direction in the
wire rope. Taking into account docunent D2 as referred
to in the decision under appeal and the fact that

| ongi tudinally spaced sensing portions are not
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explicitly recited in the claimand sensing location is
used in the singular, it did not seemthat the subject
matter was novel. The board indicated that two sets of
sensors and neans responsive to |inear speed of the
belt appeared essential to the solution of the problem
of belt flutter.

During the oral proceedi ngs arranged consequent to the
request of the appellants, a main and three auxiliary
requests were submtted, the appellant arguing as
fol | ows:

An inmportant factor is the difference in sensing neans,
which in the case of docunent D2 is a detection coi

and thus sensitive to the first derivative of nmagnetic
field, i.e. the sensing neans is responsive to
approachi ng and noving away fromthe coil (see

colum 4, lines 45 to 55 of docunent D2). An anonaly
causes a pulse which is detected but which nay be
cancel l ed out by the counter novenent of belt flutter,
so that breakage may not be detected.

On the other hand, Hall sensors used in the invention
are not dependent on novenent but only on fluctuation,
I.e. a Hall sensor neasures absol ute values. Therefore,
the systemis not defeated by flutter novenent and belt
speed. Even an anonmaly in a stationary belt can be

det ect ed.

The board reiterated its doubts about whether the belt
flutter problemreally was overcone by the subject
matter clained in the independent claimof the main and
first auxiliary requests, since even in the case of a
Hal | sensor, it did not seemto be in dispute that the
field is affected by distance and thus flutter as well



1859.D

- 4 - T 0704/ 99

as anonalies. The board al so pointed out that Hal
sensors were in any case a routine option in magnetic
field detection as can be seen for exanple from page 8,
line 20 of docunment D1.

The i ndependent claimof the nmain and first and second
auxiliary request is worded as foll ows:

Mai n Request

Apparatus (16, 116) for detecting anomalies in a
magneti cal |y perneabl e nenber (14), particularly
conveyor belts (42), having a |ongitudinal axis,
conprising neans (20, 22; 120, 122) providing a nagnetic
field at an operating area at which said nagnetically
per meabl e nmenber (14) is located and nagnetic field
sensi ng neans (24;124,126), said apparatus (16, 116)
bei ng arranged relative to said nenber (14) so that
said nenber is novable relative to said apparatus
(16;116) al ong said |longitudinal axis, said magnetic
field having longitudinally spaced first and second
field conponents at longitudinally spaced first and
second field | ocations at said operating area, and said
magnetic field sensing neans (26, 128), being arranged
to respond to nodification in each of said first and
second field conponents,

characterized in that

said first and second field conponents are in the sane
direction and sai d sensing neans (26,128) are arranged
to respond to changes in the difference of the field
intensities of said first and second field conponents
at said sensing |ocations (16;116), said apparatus
(16, 116) conprises field coil neans (20, 22;120,122)
arranged so that when there is substantially equa
magnetic reluctance at said first and second field
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| ocations, the first and second field conponents are of
substantially equal intensity, and when said magnetic
reluctance at said first and second field |locations is
different, the first and second conponents vary in
strength, whereby when an anonmaly is at said first
field location and then at said second field | ocation
causing differing nmagnetic reluctance in said first and
second field conponents, the nmagnetic field intensity
at said sensing |locations is nodified, which

nodi fication results in a difference in the intensity
of the magnetic fields at said sensing | ocations, which
difference in the intensity causes said sensing neans
(26, 128) to respond.

First Auxiliary Request

This request differs fromthe main request by insertion
of ", conprising at |east one Hall sensor,"” after "(26,
128)" in the second line of the characterising part of

the claim

Second Auxiliary Request

Apparatus for detecting anomalies in a nmagnetically
per neabl e nenber (14), particularly conveyor belts
(42), having a longitudinal axis, conprising neans
(120, 122) for providing a magnetic field at an
operating area at which said nagnetically perneabl e
menber (14) is located, and magnetic field sensing
means conprising first and second sensing portions
(124, 126), said apparatus being arranged relative to
said nmenber (14) so that said nenber is novable
relative to said apparatus (116) along said

| ongi tudi nal axis, said nmagnetic field having

| ongi tudi nal ly spaced first and second field conponents
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at longitudinally spaced first and second field

| ocations at said operating area, and said nagnetic
field sensing portions being arranged to respond to
nodi fication in respective said field conponents,
characterized in that

said first and second field conponents are in the sane
direction and said sensing neans are arranged to
respond to changes in the difference of the field
intensities of said first and second field conponents
at respective sensing |ocations, said apparatus
conprises field coil neans (120,122) arranged so that
when there is substantially equal magnetic reluctance
at said first and second field |locations, the first and
second field conponents are of substantially equa
intensity, and when said magnetic reluctance at said
first and second field locations is different, the
first and second conponents vary in strength, whereby
when an anomaly is at said first field | ocation and
then at said second field | ocation causing differing
magnetic reluctance in said first and second field
conmponents, the magnetic field intensity at said
sensing locations is nodified to cause said sensing
nmeans (128) to respond, and field coil frequency
control neans responsive to |inear speed (85) of said
menber (42), relative to spacing of said first and
second field conponents, in a nmanner to relate
frequency of an alternating field of said coil neans
(120, 122) to a tine interval of one portion of said
nmenber (14) noving, relative to said apparatus, from

the first field location to the second field | ocati on.

(NB The board has shown features differing fromthose
of the main request in bold type for ease of
under st andi ng. )
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Third auxiliary request

Since this request was not subject to decision (see
point 8 of the Reasons below), its wording is not
gi ven.

At the end of the oral proceedings, the board gave its
deci si on.

Reasons for the Deci sion

2.1

1859.D

The appeal conplies with the provisions nentioned in
Rul e 65(1) EPC and is therefore adm ssi bl e.

The prior art - Docunents D1 and D2

Docunent D1 (see especially Figure 6) discloses
apparatus intended to detect anomalies in the form of
area variations, broken wres and contact
irregularities in a wre rope. The apparatus provides a
construction of a conposite nagnhetic test head
including a first pair of permanent magnet stacks which
are effectively arranged in parallel, and a second pair
of permanent nagnet stacks also arranged in parallel on
a magnetic structure. The magnet stacks share a centra
north pole and have respective outer south poles. A
wire rope can pass freely through holes which are in
line and which are forned in the pole pieces. The test
head magneti ses the rope over the portion of its length
which is exposed to the nmagnetic field of the test

head, in two opposing directions. In use, the rope
nmoves through the test head entering the | eading south
pole so the flux density rises and reaches the highest
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saturation flux density which can be achieved with the
first permanent magnet stack. This saturation fl ux
density is maintained until the boundary of the centra
pol e piece, where the effect of the magnetic field of
the second stack in the reverse direction nmakes itself
felt and the flux density decreases, passing through
zero, and reaching the maxi numvalue, in the reverse
direction. This reverse saturation flux density is

mai nt ai ned before decreasing to a remant val ue
retained after the rope has left the test head.

I rrespective of the nmagnetic conditions in the rope
before or after a test the magnetisation path between
saturation levels in either direction is always the
sane, ensuring repeatability of tests. Guide wheels are
| ocated on either side of the test head to engage the
rope and ensure it is centrally positioned in the test
head. Search coils are provided around the sheat h.
These coils provide a neasurenent of the flux
variations for detecting area variations, broken wres
and contact irregularities. The coils may be helical or
of a saddle type. Any other appropriate flux neasuring
devi ce, such as a Hall-effect device, may be used.

Instrunentation may include apparatus for neasuring the
rope speed or the rope length during a test, for
providing signals for driving a recorder synchronously
wWith rope travel or rope length, for providing signals
for conpensating rope speed variations in the signa
processi ng systemor for providing signals to ensure
that the data is processed synchronously with rope
speed or rope | ength.

Docunent D2 (see especially Figure 4) discloses
el ectromagneti c i nspecting apparatus for detecting
anomalies in the formof a defect present in a wire
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rope used for exanple in the traction of an el evator
cage. A pair of nmmagnetic poles, which can be

energi sabl e coils or permanent nagnet bl ocks, are
spaced apart by a predeterm ned di stance from each

ot her and di sposed opposite to the wire rope, a
detecting coil being disposed on a core internedi ate
the two nagnetic poles, which have different

polarities. The magnetic poles and the detecting core
are magnetically coupl ed together by a common yoke.
Wien the wire rope is noved and no defect is present,
the magnetic flux flows fromthe N-pole through wre
rope, the S-pole, and the yoke to the N-pole. In this
case, no voltage is induced in the detecting coi
because the nagnetic flux does not flow through the
core of the detecting coil. Wien a defect is present in
the wire rope, at first a | eakage flux flows through
the N-pole and the defect in the wire rope and anot her

| eakage flux flows through the S-pole and the defect in
the wire rope in addition to the main nmagnetic fl ux.
Neverthel ess, no voltage is induced in the detecting
coil since the | eakage fluxes do not interlinkage
therewith. As the wire rope continues to nove until the
def ect reaches the position directly opposite to the
detecting core, the | eakage magnetic fl uxes nake
interlinkage with the detecting coil and then return to
the N-pole and S-pole respectively. The | eakage fl uxes
are in the sane direction in the wre rope. Before and
after the defect passes the position exactly opposite
to the centre of the detecting core, the flux densities
of the two | eakage fluxes change with tine naking
interlinkage with the detecting coil, and a voltage
proportional to the tine dependent change is induced in
the detecting coil. Thus when a defect is present, the
| eakage fluxes flowng in the sane direction at two

| ongitudinally spaced apart locations in the wire rope
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give rise to differential detection of the two | eakage
fluxes flowng in the detecting coil in directions
opposite to each other.

Main and First Auxiliary Request

The appel | ant concentrated on explaining that a Hal

and coil sensor sensed different paraneters (nagnetic
field as opposed to first tinme derivative thereof).
This was however never disputed by the board, which saw
the issue of novelty of the subject matter of claiml
of the main request as resolving down to whether, in
the context of a noving magnetically perneabl e nenber,
the wording of the claimreally brought out any such
difference. In particular, it is arguable whether the
termnology relating to "changes in the differences of
the field intensities" even with the further recitation
of the "nodification resulting in a difference in the
intensity of the magnetic fields at said sensing

| ocation” is really limted to sone kind of "Hal

effect” type sensor and excludes the sensing coil known
from docunent D2. Long w nded di scussions about this
question are not however necessary in this decision,
because once a Hall sensor is included in the claim as
iIs the case with the first auxiliary request, then
novelty is present by virtue thereof and the features

I n question understood in accordance wi th operation of
this particular sensor type.

The board considers docunent D2 to constitute the
closest prior art to the subject matter of claim 1l of
the first auxiliary request, the claimdistinguishing
only by using a Hall sensor in place of a coil sensor.
The probl em solved by the use of at |east one Hal
sensor as opposed to a sensing coil is to provide an
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alternative sensing neans. A Hall sensor is a type of
sensor which is very well known for this purpose to the
skilled person and it follows that its sel ection nust
be consi dered obvi ous. Corroboration for this statenent
can be seen for exanple in line 20 on page 8 of
docunment D1, which recites "...instead of search coils
any other appropriate flux nmeasuring device, such as a
Hal | -ef fect device, may be used..." The board further
observes in this connection that even had it have
interpreted claiml1l of the main request generously as
being [imted to sone kind of "Hall effect" type sensor
and excluding a sensing coil, a simlar negative
conclusion as to inventive step would have been
reached. Moreover, as far as submi ssions relating to

di sadvantages of a coil in relation to greater field
intensities and thus closer positioning indicating

i nventive step are concerned, the board observes that
quite apart fromfield intensity not being quantified
in the claim the subm ssion is not persuasive as this
type of information is part of the basic know edge of
the skilled person so that any problem of positioning
sensing neans to detect a particular field strength is
sol ved in an obvious way by the skilled person, who
sinmply positions the sensing neans concerned where it
wi Il function properly.

Accordingly, the subject matter of claim1l of the nmain
request, even if read narrowly as novel, and the first
auxiliary request is considered obvious to the skilled
person having regard to the teaching of docunent D2.

The appellant main |ine of argument in support of the
Hal | sensor rather than a coil was that it solved the
problemof flutter, since only by detecting out of
bal ance of the field conponents thensel ves w t hout
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involving the first time derivative thereof can a fault
be differentiated frombelt flutter. However, the

subm ssions of the appellant failed to establish any
definite Iink between use of the Hall sensor and

avoi dance of flutter. On the contrary, it was in fact
undi sputed that novenent towards and away fromthe Hal
sensor affects its response. The Hall sensor is thus,
just like a sensing coil, subject to error resulting
frombelt flutter, belt flutter anmounting to no nore
than a vertical novenent of a horizontally running
belt. The application itself explicitly refers to and
confirnms this situation. For exanple, columm 8,

lines 53 to 57 of the published specification recite
"one possible source of error in using a Hall effect
sensor in connection with a noving conveyor belt is
that there may be sone degree of flutter in the belt
where the vertical |ocation of the belt would change.
Thus, if the belt 10 noves closer to the Hall effect
sensors 26, this nakes the air gaps shorter and woul d

t hus cause a change in the magnetic fields sensed by
the Hall effect sensors 26." A simlar disclosure
occurs in lines 32 to 37 of colum 14. Furthernore, the
subm ssion that an anonaly in a stationary belt can be
detected also failed to persuade the board because in
such a case there is firstly no flutter and secondly
the clai mnmakes reference to the anomaly at a first and
then second location, i.e. it was not stationary, it
noved.

The board therefore reached the conclusion that as the
subject matter actually clained did not solve the
probl em of belt flutter, the argunents of the appell ant
relating to the solution were not relevant to inventive
st ep.
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Accordingly, the argunents of the appellant fails to
convi nce the board and the subject matter of claim1 of
the main request, even if read narrowy as novel, and
of the first auxiliary request is not considered to

i nvol ve an inventive step within the neani ng of

Article 56 EPC

Second Auxiliary Request

Adm ssibility of anmendnents (Article 123(2) EPC)

The second enbodi nent described in the docunents as
filed fornms the support for the anendnents nmade to the
description and clains. Conpared to claim1l as filed,
claim1 contains further features deriving fromthis
enbodi nent. The dependent cl ains and description have
been anended consequentially and to take account of

Rul es 27(1)(b) and (c) EPC

Novelty (Article 54 EPC)

The features of the characterising part of claim1 of
the second auxiliary request are novel having regard to
the di scl osure of docunent DL.

Al'l the features in claiml of the second auxiliary
request which are not present in claiml of the nmain
request are novel having regard to docunent D2 (i.e.
first and second sensing portions responsive to
respective field conponents and the features fromthe
"field coil frequency control neans" to the end of the

clainm.

No ot her avail abl e docunent cones cl oser than
docunent D1 or D2 to the subject matter of claiml.
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Accordingly, the requirenents of Article 54 EPC are
satisfied.

I nventive Step (Article 56 EPQC)

Si nce sensing portions responsive to nodifications in
respective longitudinally spaced field conponents are
specified in claim1, and as docunent D2 enpl oys only
one sensing coil along the axis of the rope, docunent
D1 has been taken as the closest prior art. The novel
features of claim1 with respect to docunent D1 enabl e
the problem of belt flutter, which is detected at both
sensing portions at the sane tinme, to be differentiated
froman anonmaly, which is detected first at one sensing
portion and then at a subsequent belt speed dependent
time |ater at the other.

Belt flutter is not addressed at all in docunent D1,
where wheel s guide the rope to ensure positioning, nor
is there any reason to nodify the pernmanent nagnetic
stacks and provide a field coil frequency contro

nmeans. General hints in this docunent to nmeasuring rope
speed al so of fer no gui dance towards relating the
alternating field frequency to novenent between the
sensi ng positions. Consequently, the board is convinced
that the subject matter of claim 1 cannot be consi dered
obvious in the light of the disclosure of docunent D1.

Docunent D2 has only one sensor arranged along a wire
rope path and so cannot offer a solution to the flutter
probl em i nvol ving novenent from one position to the

ot her in accordance with the speed of the rope, nor
fill in any gap in the teaching of docunent D2 in this
di rection. Accordingly, neither docunent D2 al one nor
even its conbination with docunent D1, for which the
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board sees no particular reason, can call the inventive
step of the subject matter of claim11 into question.

Accordingly the subject matter of claim1 of the second
auxiliary request is considered as involving an

i nventive step and therefore to satisfy Article 56 EPC
The sane conclusion applies to clains 2 to 5 in view of
t heir dependence fromclaim 1.

No ot her avail abl e docunent cones closer to the

i nvention than docunent D1 or D2 so that the inventive
step of the subject matter of claiml1l is not called

i nto question thereby.

Pr ocedur e

In view of the positive conclusion reached by the board
Wi th respect to the second auxiliary request,
consideration of the third auxiliary request in this
decision is not necessary.

Havi ng convinced itself that the patent application
satisfies the requirenents of the Convention, the
board, in accordance with Article 111(1) EPC, considers
it appropriate to exercise the power within the
conpetence of the exam ning division to order grant of
a patent.
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For these reasons it is decided that:

1. The deci si on under appeal is set aside.
2. The case is remitted to the departnent of first
instance with the order to grant a patent in the
foll owi ng version
d ai ns: 1 and 5 filed as second auxiliary
request, and

Descri ption: as filed during the oral proceedings
{pages 1 to 4, 8 to 31},

Dr awi ngs: as originally filed {Sheets 1/5 to 5/5}.

The Regi strar: The Chai r man:

A. Townend E. Turrini

1859.D



