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Summary of Facts and Submn ssions

2491.D

The appeal is against the decision of the exam ning
di vi si on refusi ng European patent application
No. 96 302 188.6 for |ack of an inventive step.

The foll ow ng docunents are referred to bel ow

D2: | EEE Transactions on Industry Applications,
vol. 27, No. 6, Novenber 1991, pages 1034-1047,
XP000277291; S. Vukosavit et al: "SRM Inverter
Topol ogi es: A Conparative Eval uation"

D4: WO A-95/02922 and EP-A-0 662 751 (D4', published
under Article 158(3) EPC). D4' was published after
the priority date of the present application, but
the description is assuned to constitute a correct
transl ation of the corresponding internationa
appl i cation D4.

Wth a letter dated 5 Cctober 2001, the appellant filed
two new sets of clains 1 to 12 as auxiliary requests 2
and 3 respectively and, in the oral proceedi ngs before
the Board held on 9 Cctober 2001, abandoned the set of
claims 1 to 6 which had been filed wth the statenent
of grounds of appeal as an auxiliary request.

The appel |l ant thus requested that the decision under
appeal be set aside, and

- as main request, that the case be renmtted to the
first instance to grant a patent on the basis of
clains 1 to 12 in the formrefused by the
exam ni ng di vi si on;
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- or, as auxiliary request, on the basis of clains 1
to 12 of the then second auxiliary request, filed
with letter dated 5 Cctober 2001

- or, as a further auxiliary request, on the basis
of clains 1 to 12 of the then third auxiliary
request, filed with letter dated 5 Cctober 2001.

Each of the requests conprises three independent
clains, respectively relating to "a control circuit”
for a swtched reluctance nmachine (claiml), a
"switched reluctance drive systen (claim®6) and a
"met hod of controlling a systemas clainmed in any of
clains 6 to 11" (claim12).

(1) Caim6 of the main request reads as foll ows:

"A switched reluctance drive systemconprising: a
swi tched reluctance nmachine (M having a rotor
(R) and a stator (S), respectively defining rotor
and stator poles, and a phase w nding (14)
associated with the or each phase of the machi ne;
an el ectrical power supply (10); first and second
supply voltage input termnals (L, N) respectively
connected across the power supply w thout a dc

i nk capacitor connected across the term nals,
the first input term nal being connected with one
end of the winding; a switch arrangenent (16)
connected with the wi nding and operable to
connect the wnding with the second i nput

termnal to create a primary w nding current

pat h; a capacitor (20); a thyristor (18), having
a trigger input, the capacitor and the thyristor
being serially connected across the w nding and
the swtch arrangenent to forma secondary
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wi ndi ng current path; and a diode (22) connected
to conduct from between the w nding and the
switch arrangenent to between the thyristor and
the capacitor, the capacitor being chargeable

t hrough the w nding and the di ode, when the
switch arrangenent is open circuit, to a voltage
i n excess of the voltage applied by the power
supply across the first and second term nals and
bei ng di schargeabl e through the secondary current
path when the switch arrangenent is subsequently
cl osed and the thyristor is subsequently
triggered, the thyristor being operable to
conduct in response to a trigger signal applied
to the trigger input and to nmaintain conduction
when the voltage across the capacitor is greater
than the voltage across the first and second
term nals and to becone non-conducting when the
vol tage across the capacitor falls below a
reference |level."

Caim6 of the (second) auxiliary request is
based on claim6 of the nmain request and has the
follow ng additional features or anendnents
(highlighted by the Board in bold characters):

"A switched reluctance drive system... the first
I nput term nal being respectively connected with
one end of the winding for the or each phase; a
switch arrangenent (16) connected with the

wi ndi ng and operable to connect the winding with
the second input termnal to create a prinmary

wi ndi ng current path; a capacitor (20) for the or
each phase; a thyristor (18) for the or each
phase, having a trigger input, the capacitor and
the thyristor being serially connected across the
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wi ndi ng and the switch arrangenent to forma
secondary w nding current path for the or each
phase; and a di ode (22) connected to conduct from
bet ween the or each wnding and its switch
arrangenment to between the correspondi ng
thyristor and capacitor, the capacitor being

chargeable ...

(ii1) Caim6 of the further (third) auxiliary request
has the sane wording as that of the nmain request
except that it relates to "A single phase
swi tched reluctance drive system conprising: a
swi tched reluctance nmachine (M having a rotor
(R) and a stator (S), respectively defining rotor
and stator poles, and a phase wi nding (14)
associated with the phase of the machine ... ".

VI . The contested decision (point 1 of the reasons) found
that the subject-matter of claim6 (sanme as that of the
present main request) differed fromthe drive system
di sclosed in D2, Figure 1(e), only in that a switch
nmeans consisting of an NPN transistor (QA) and a
serially connected diode (DA) in the secondary w nding
current path of the prior art was replaced by a
thyristor. The known switch neans and a thyristor as
specified in claim6 only constituted alternative
swi tch nmeans anong which the person skilled in the art
woul d have selected in accordance with the
ci rcunstances w t hout exercising any inventive skill
The sane objections applied to claim1l because claim®6
conprised all the features of claim21. Concerning the
met hod specified in claim 12, the contested decision
(point 2 of the reasons) set out that the known
transistor switch and a swtch arrangenent (Ql) of a
correspondi ng phase winding were |ikew se actuated to

2491.D Y A
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conduct at the beginning of a conduction angle and

deactuated to cease conducting at the end of the

conduction angle. Caim1l2 thus also | acked an

i nventive step

The appel l ant essentially argued as foll ows:

(i)

(i)

The present application related to swtched

rel uctance drives for single phase notors used in
mass produced articles where it was inportant to
reduce costs and the space taken up by the
conponents of the drive system The power supply
had a single high side connection |ine (output of
the di ode bridge 12) to which all the conponents
of the single phase circuit were connected
(Figure 2). If the teaching of the application
was applied to a nulti-phase switched rel uctance
machi ne, |ike conponents for the other phases
woul d be connected to the sane connection I|ine,

I e each of the phases would have its own serially
connected capacitor (20) and thyristor (18), and
a diode (22) connecting the winding (14) with the
correspondi ng capacitor (Figure 2; colum 6,
lines 6 to 8, of the published application).
Addi ti onal bl ocki ng di odes between the high side
connection |line and each wi nding were not needed
and addi ti onal phase conponents woul d thus be
connected directly in parallel since the
application ained at reduci ng the conponent

count .

The cl osest prior art for such drive systens was
to be seen in the classic inverter shown in
Figure 1(a) of D2 because this circuit
constituted a single-rail circuit. Such a circuit
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could easily be reduced to a single phase circuit
by sinply renoving the conponents of the other
phases. Starting fromthe circuit disclosed in
Figure 1(a) of D2, it was not obvious to arrive
at a nmuch sinpler circuit which only had one

sw tch per phase and did not use a dc |ink
capacitor.

Figure 1(e) of D2 did not constitute a suitable
starting point because it disclosed a dual-rai
circuit conprising a single capacitor (C) and
switch neans (QA, DA) whose nutual connection
poi nt was connected to a further high side |line
to which also the individual phases were
connected. The duty of the capacitor and switch
means was conmon to all of the nmultiple phases.
Mor eover, D2 (page 1042, section F, first

par agraph, and page 1045, section VII, first

par agraph) stated that single-rail circuits were
preferable. It was thus not obvious to start from
a dual -rail circuit as shown in Figure 1(e) of
D2.

Even if Figure 1(e) of D2 was used as a starting
point, it was not obvious to cone to the subject-
matter of the present application wthout the
benefit of hindsight. Figure 1(e) did not

di sclose a thyristor. Instead, the circuit used a
bi pol ar transistor (QA) which required an

addi tional bl ocking diode (DA) and which was not
operable to conduct in response to a trigger
signal and to nmaintain conduction while the

vol tage across the capacitor was greater than the
vol tage across the supply voltage term nals. The
transi stor required constant control and coul d
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not be 'fired and forgotten'. Moreover, the
circuit required a high side driver which had to
cope with an isolation problemand had to
carefully tinme the active switch off. This was
not necessary with a normal thyristor which only
required a trigger signal and switched off
automati cal ly when voltage conditions as
specified in the clains were nmet. The term
"thyristor” used in the clains referred to a
normal thyristor of this kind. However, the
appel | ant was prepared to renove the passage from
the description (colum 5, lines 53 to 57, of the
publ i shed application) should the Board find that
clarity was affected by the reference to

i nsul ated gate bipolar transistors or gate turn-
of f thyristors.

The person skilled in the art would not have used
a sinple thyristor in the circuit of Figure 1(e)
because, in accordance with the teaching of D2
(page 1041), the capacitor voltage had to be kept
within a relatively narrow band. Since a norna
thyristor could not be switched off by a gate
signal once it had been fired, it could not be
used for regulating the capacitor voltage.
Moreover, the transistor in the circuit of

Figure 1(e) had to performthe additiona

function of providing a freewheeling path for
demagneti zation (State 3, page 1041) which had no
correspondence in the sinple operation of the
drive system of the present application.
Therefore, the person skilled in the art who was
uni magi native and sinply applied the teaching of
D2 woul d discard using a thyristor as an
alternative switch neans because it sinply did
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not work in the circuit of Figure 1(e) of D2.
Furt hernore, the authors of D2, who were

consi derably nore than the average skilled
person, stated at the beginning of section F on
page 1040 that they believed the circuit of
Figure 1(e) to enbody the m ni num conponent
topol ogy for the type of circuit. This proved
that a circuit which had fewer conponents and a
nore rudi nentary form of operation was not
obvious to the person skilled in the art.

The di sadvant age of a hi gher component count and
a nore conpl ex operation also applied to the

ot her drive systens of the state of the art. ™4
used additional bl ocking di odes and presented
solutions to the problemof avoiding ripples in
the production of torque of nultiphase rel uctance
machi nes. Wiile it did show a capacitor and a
thyristor serially connected across a phase
winding, it did not give the skilled reader any
teaching as to the advantage of using a thyristor
for discharging the capacitor, nor did it give a
hint to use a thyristor in the circuit disclosed
in Figure 1(e) of D2.

Wiile the state of the art related to nore
conplex circuits and a higher flexibility of the
circuits for industrial applications, the

i nvention as clainmed went a considerable step
further in that it recognized that a sinplified
circuit and a nore rudi nentary way of operating
the circuit could be used. Wthout considerable
hi ndsi ght, there was no reasonabl e ground for
supposi ng that such a novel circuit was naturally
obvi ous when it was actually used in a different
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way.

Reasons for the Deci sion

1

2491.D

The appeal is adm ssible.

Al though it would be sufficient to show that a patent
application does not conply with the requirenents of
the Convention if its broadest independent claimdoes
not define inventive subject-matter, the Board, in view
of the appellant's declared willingness to make further
anmendnents if subject-matter was found to be

patentable, will deal with claim®6 of each of the
requests because these clains are nore specific in
terns of the operation of the drive system concerning
the charging and di schargi ng of the capacitor.

The term "thyristor” in its general neaning, when used
in a patent claimto define a particular type of switch
nmeans, normally covers different subcl asses, such as
thyristors with or wthout extinguishing circuits and
"gate turn-off thyristors” (see colum 5, lines 53 to
57, of the published application, to which all the
followng references will refer if not otherw se
stated). The appellant did not contest that a gate
turn-off thyristor could be used in the circuit of
Figure 1(e) of D2 in place of the switch neans
consisting of NPN transistor (QA) and diode (DA). A
gate turn-off thyristor (or a thyristor with
extinguishing circuit) is commonly used when forced
turn-off on the thyristor is desired, ie when the
thyristor has to be forcibly switched off before its
current drops below a holding current |evel (eg when
the voltage across the thyristor termnals reverses). A
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thyristor of this type would therefore constitute a
suitable alternative swtch in the "chopper device" of
Figure 1(e) of D2 and woul d not change the essentia
function of the known circuit, ie maintaining the
capacitor voltage within a relatively narrow band,

provi ding a nagneti zation path fromthe capacitor to
the wwnding (State 2) and a freewheeling path for the
wi nding (State 3; see D2, page 1041, |eft-hand col um
and page 1045, right-hand colum, point 2, and

Figure 13). The additional functions (voltage contro
and freewheeling) are not excluded by the wordi ng of
claim6 of the main request. In this respect, the Board
fully agrees with the reasoning of the decision under
appeal (point 1) that bipolar switch neans and
thyristors, in the circuit of Figure 1(e), constitute
alternative switch means anong whi ch the person skilled
in the art would have selected in accordance with the
ci rcunstances w t hout exercising any inventive skill

However, the appellant has shown his willingness to
limt the clainmed subject-nmatter to a sw tched
reluctance drive system which had fewer conponents and
a nore rudi nentary way of operation, in particular a
normal thyristor which only needed a trigger signal to
be rendered conductive and could not be sw tched off
until the voltage across the capacitor fell below a
reference level (wth respect to the voltage across the
supply voltage termnals; see columm 4, lines 34 to 38,
and Figure 3 of the published application). In the
follow ng reasoning, the Board will therefore take
these differences into account in so far as they are
supported by the description of the application as
filed.

The present application describes that, inter alia, the
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followi ng effects are achieved by the circuits of the
di scl osed i nventi on:

- to reduce the conmponent count and/or the size of
control circuits (colum 1, lines 21 to 24);

- to avoid the use of a dc link capacitor which has
an adverse effect on the power factor of the
switched reluctance system causing increased
supply currents; this can be a particul ar
advantage for donestic appliances in the USA
where 120 volt mains supply is used (colum 1,
lines 17 to 20 and lines 25 to 32; colum 5,
lines 20 to 41); and

- to achieve a considerable reduction in the
acoustic noise emtted by the machi ne, eg through
| ess abrupt voltage changes across the w nding
(colum 5, lines 42 to 46).

These effects are essentially achieved by charging the
capacitor, at the end of the conduction angle, to a

vol tage that m ght reach twi ce the peak value of the
rectified mains, thereby deenergizing the w nding
(colum 4, lines 16 to 24 and lines 42 to 53; colum 5,
lines 6 to 9), and discharging the capacitor, at the
begi nni ng of the next conduction angle, to supply
current to the phase winding until the capacitor
voltage falls below the voltage of the power supply
termnals (colum 4, lines 25 to 41; columm 5, lines 12
to 19).

The classic inverter drive explained in the context of
Figure 1(a) of D2 has two switches per phase, a dc |link
capacitor and the sane vol tage avail able for
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magneti zi ng and demagneti zing (D2, page 1037, "II1I.
Inverter Circuits", first paragraph; page 1038, | ast
par agraph before "C. Crcuit 2: Mller's Inverter").
The circuit of Figure 1(e) of D2 is described as a "new
circuit" which elimnates a dc Iink capacitor and "is
bel i eved" to have a "m ni num conponent topol ogy" (D2,
page 1040, section F). The capacitor (C) is charged at
the end of the conduction angle to a voltage which is
hi gher than the rectified power supply voltage and

m ght reach twice the notor supply voltage. Part of the
stored energy is discharged into the phase w nding at

t he begi nning of the next conduction angle (D2,

page 1041, |eft-hand colum, "State 2" and "State 4";
page 1042, "F. Summary", first paragraph). Figure 1(e)
of D2 thus constitutes a circuit which has been

devel oped fromthe known classic inverter, which has
nore features in common with present claim6 than the
circuit of Figure 1(a) of D2, and which achieves very
simlar effects as the drive system of present claim®6.
Therefore, the circuit of Figure 1(e) of D2 constitutes
closer prior art than the circuit of Figure 1(a) and
may be used as a realistic starting point for judging
whet her the subject-nmatter of present claim®6 involves
an inventive step.

The appellant's argunent that a "dual-rail circuit”
does not qualify as a suitable starting point has not
convi nced the Board. Firstly, the statenent of D2

(page 1042, section "F. Sunmmary") that "single-rai

i nverters" are "the choice for 380 V and 460 V

I ndustrial SRM drives" has to be seen in the context of
the relatively high voltage ratings of at |east twce
the notor supply voltage. However, still according to
D2 (page 1045, section VIl), the dual-rail topol ogy may
find applications in | ow power |ow voltage drives. This
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applies to the preferred use of the present

application. Secondly, considering a single phase drive
system according to the further (third) auxiliary
request, both the phase w nding and the capacitor
circuit would be connected to a single rail because
there is no choice to nmake between a capacitor for each
phase or a common capacitor for all phases. Both the
known circuits (a) and (e) shown in Figure 1 of D2
woul d need to be adapted if they were to be used for a
nunber of phases which is different fromthe three-
phase drive circuits shown. Adaptation of a known
circuit which achieves simlar effects (Figure 1(e) of
D2) woul d be the nore natural choice both for a single
and nulti-phase drive systens.

The probl em sol ved by the present application over the
circuit of Figure 1(e) of D2 nmay be seen as finding a
drive systemwhich is sinpler in its operation and
allows a further reduction in the conponent count, in
particul ar for domestic appliances used in a 120 volt
ac mains supply (cf colum 1, lines 13 to 24, and
colum 5, lines 20 to 26, of the application). Such
probl ens arise as part of the routine work of a skilled
person confronted with designing a new drive system for
such appliances. Therefore, the posing of this problem
does not contribute inventive considerations.

The Board agrees with the appellant that the person
skilled in the art would not use a thyristor of a type
whi ch cannot be actively switched off in place of the
transistor switch (QA) and the diode (DA) in the
circuit of Figure 1(e) of D2 if he nerely wished to
reduce the teaching of D2 to practice because this
transistor switch acts as a chopper to keep the
capacitor voltage wwthin a relatively narrow band (see
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poi nt 3 above).

However, the person skilled in the art having the above
problemin mnd is assuned to search the avail abl e
prior art for possible sinplifications and is supposed
to find D4, which relates to the sane technical field
of switched reluctance drives. Throughout the
differently enbodied electrical circuits, D4

(Figures 8, 9, 10 and 17) gives a simlar teaching as
D2 (Figure 1(e)) concerning the charging and

di scharging of a capacitor (47a) which forns part of a
secondary w nding current path. Magnetic energy is
transferred fromthe armature coil into the capacitor
to cause rapid denmagneti zation, and stored capacitor
energy at a higher than supply voltage is discharged
into a phase winding to cause rapid increase in
current, both nmeasures assisting in increasing the
output torque with a given power supply (D4', Figures 7

and 23; colum 3, lines 27 to 44; colum 4, lines 44 to
56; colum 6, lines 4 to 20; colum 7, lines 27 to 43;
colum 8, lines 41 to 57; colum 9, lines 19 to 27).

The enbodi nent of Figure 17 has a capacitor (47a) and a
normal thyristor (19a) serially connected across the or
each phase wi nding (32a) and a switch

arrangenent (20a). The capacitor is charged through the
phase wi nding and a di ode (21a) when the switch
arrangenent is open circuit, and discharged through the
secondary current path (19a, 32a, 20a) when the switch
arrangenent is subsequently closed (D4', colum 29,
lines 17 to 21; colum 29, line 51 to columm 30,

line 33). Wth this type of thyristor, the capacitor

di scharge current cannot be switched off, once the
thyristor is triggered and conductive unless the

vol tage across the capacitor falls below the voltage of
the power supply termnals (D4', colum 23, lines 23 to
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31; Figure 7).

The person skilled in the art would recogni ze that a
thyristor operated in the way as suggested in D4 has
the advantage of |ess conplex control circuits than
that of D2, Figure 1(e), and needs no additiona

bl ocki ng diode in the secondary w ndi ng current path.
At the sanme tine, a thyristor as connected in Figure 17
of D4 offers the sane advantages of rapid nagnetization
and demagnetization (D4', colum 16, line 57 to

colum 17, line 4; D2, pages 1036 and 1037, bridgi ng
par agr aph: "sone functional requirenents that an SRM
should ideally neet"). In this respect, the statenent
of D2 (page 1040, section F) that the Figure 1(e)
circuit was believed to be "a m ni nrum conponent

t opol ogy" has to be seen in the context of the five
different circuits depicted in Figure 1. It does not

di scourage the skilled person fromusing a single
switch instead of a diode and a transistor if the
single switch provides the sane functions (eg with a
gate turn-off thyristor) or sinplified functions (wth
a thyristor) in accordance with the teaching of D4.
Moreover, in view of the simlar operation of the
capacitors in D2 and D4, the person skilled in the art
woul d know from D2 that a dc |ink capacitor may be

el imnated, as taught in D2, although this is not
explicitly disclosed in D4. The subject-nmatter of
claim6 of the main request (taking account of the
intended [imtation to a normal thyristor) therefore
results from an obvious conbination of very simlar
teachings given in D2 and D4 and thus does not involve
an inventive step (Article 56 EPC).

The (second) auxiliary request conprising anendnents to
clarify the dual-rail structure, as derived by the
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appel lant fromcolum 6, lines 6 to 8, of the published
application, refers to an electrical circuit where each
phase wi nding has its own capacitor, thyristor and

di ode connected thereto (instead of a single capacitor,
switch and di ode which are common to all the phases as
in D2, Figure 1(e)). However, this circuit structure
corresponds to that disclosed in Figure 17 of D4 and
woul d constitute the preferred choice in conbination
with a circuit that was adapted to operate in
accordance with the principles disclosed in D4. The
argunent that D4, Figure 17, discloses additiona

bl ocki ng di odes (49) is not convincing in this context
because such di odes are not excluded in the teaching of
the present application, which only discloses the nain
conponents of a single phase and nerely cursorily
mentions that "the invention is applicable also to each
phase of a nulti-phase switched reluctance machine".

The further (third) auxiliary request introduces a
limtation to a single phase switched reluctance drive
system The principles taught in both D2 and D4 are
generally applicable to any nunber of phases and woul d
produce essentially the sane effects with single phase
switched reluctance drive systens. Wiile it is clear
that neither of the above addressed circuits of D2 and
D4 can be directly applied to a single phase system

t he adaptation that needs to be done is neverthel ess
straightforward. It thus needs no inventive skill but
only the normal technical conpetence of an

uni magi native person skilled in the art. Since single
phase swi tched reluctance machi nes were generally
known, the adaptation of the disclosure of D2 and D4 to
a single phase drive systemwould fall wthin the

obvi ous nodifications of this prior art.
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7. For these reasons, the present application does not
conply with the requirenents of Articles 52(1) and
56 EPC.

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

M  Hor nel | W J. L. Weel er

2491.D



