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Summary of Facts and Subm ssi ons

0242.D

The appeal is against the decision of the exam ning

di vi sion refusing European patent application

No. 95 630 104.8. The reasons given for the refusal

were that the clains were unclear and their subject-
matter |acked novelty in view of the follow ng docunent:

Dl: WO A-94/28618.

In a comuni cation sent with sumons to ora
proceedi ngs, the Board referred to the foll ow ng
further docunents, which are cited in the search report:

D2: US- A-5 446 359 and

D3: | EE Proceedi ngs-B, Electrical Power Applications,
vol . 140, no. 5, Part B, 1 Septenber 1993,
pages 316 to 322, XP 000403680; CHAN, S. et al
"Performance enhancenment of single-phase sw tched-
reluctance notor by DC |ink voltage boosting".

Fol l owi ng this communication and a tel ephone
conversation between the representative and the
rapporteur, the appellant filed a new set of clains 1
to 6 and a new page 1 of the description by tel efax of
26 January 2004.

The Board then cancelled the oral proceedings.

The appel |l ant requested that the contested decision be
set aside and a patent be granted on the basis of
claims 1 to 6 and page 1 of the description filed with
tel efax dated 26 January 2004, pages 2 to 14 of the
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description as indicated in the contested decision, and
draw ngs, sheets 1/3 to 3/3 as originally filed.

Caim1lis worded as foll ows:

"Apparatus (10) for controlling the current profile in
a single or polyphase switched reluctance notor (SRM
during the active portion of a phase conpri sing:

a phase wi nding (W;

switch means (12) for directing current flowinto the
wi ndi ng (W when the phase is active;

sensing neans (14) for sensing operating conditions of
t he SRM

signal generating neans (16) providing an operating
signal to the switch neans (12) to control current flow
to the winding (W;

control nmeans (18) responsive to the sensing neans (14)
for controlling the signal generating neans (16) for

t he signal generating nmeans to provide operating
signal s having operating characteristics by which the
current supply to the winding (W is in accordance with
a predeterm ned profile; and

t he signal generating neans (16) includes a PWM si gnal
generator the pulse width, duty cycle, and frequency of
whi ch are functions of the SRMs operating
characteristics, and the desired current profile to be
produced when the phase is active;

characterized in that

the control nmeans (18) is responsive to inputs fromthe
sensi ng neans (14) when the phase becones active to
vary, during a first time segnent (To-Tx), the duly [sic]
cycle and/or frequency of the PWM operating signals
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produced by the signal generating neans (16) so that
the duty cycle is initially one | ength which becones
progressively shorter, and/or the initial frequency
beconmes progressively higher, as the current goes from
zero until it reaches a peak value (Ip') of the current
profile,

and to provide a constant frequency and a constant duty
cycle of the PWM operating signals during a second tine
segment (Tx-T¢) fromthe time (Tx) when the current
reaches the peak value (Ip') of the current profile
until the phase becones inactive so that the current
flow, during the first time segnent, is rapidly
increased fromzero to the peak value (Ip') when the
phase becones active and then allowed to decrease,
during the second tinme segnent, fromthe peak

value (Ip') to a second and | esser value (Ip) by the
time (Tc) the phase becones inactive, the current
decaying fromthis second value (Ip) to zero when the
phase becones inactive whereby the transition in the
current profile which occurs when the phase sw tches
fromactive to inactive is not an abrupt transition,
this non-abrupt transition reducing the anount of
ringing in the notor which normally occurs when current
flowinto the winding (W ceases thereby to reduce

not or noi se. ™

Claims 2 to 5 are dependent on claim 1.

Caim6 is wirded as foll ows:

"A nmethod for controlling the current profile in a
si ngl e or pol yphase swi tched reluctance. [sic]

nmotor (SRM during the active portion of a phase
conpri si ng:
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switching a phase winding (W into a circuit by which
current flowis directed into the winding (W when the
phase is active;

generati ng PWM operating signals which are used to
control current flow to the w nding; and,

controlling the signal characteristics of the operating
signals for the operating signals to have operating
characteristics by which the current supply to the
winding is in accordance with a predeterm ned profile,

characterized in that

the initial duty cycle and/or the initial frequency,
during a first time segnent (To-Tx) becones
progressively a shorter duty cycle, respectively a

hi gher frequency, as the current goes from zero until

it reaches a peak value (Ip') of the current profile,
and have a constant frequency and a constant duty cycle
during a second tinme segnment (Tx-T¢) fromthe time (Ty)
when the current reaches the peak value (Ip') of the
current profile until the phase becones inactive,

so that the current flowis rapidly increased fromzero
to the peak value (Ip') when the phase becones active
and then all owed to decrease during the second tine
segnent fromthe peak value (Ip') to a second and

| esser value (Ip) by the tine (T.) the phase becones

i nactive, the current decaying fromthis second

value (Ip) to zero when the phase becones inactive
whereby the transition in the current profile which
occurs when the phase switches fromactive to inactive
is not an abrupt transition, this non-abrupt transition
reduci ng the anount of ringing in the notor which
normal |y occurs when current flowinto the winding (W
ceases thereby to reduce notor noise."
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The reasons for refusal given in the contested decision,
as far as they are applicable to the new clains 1 and 6,
may be sunmarised as foll ows:

The clains did not conply with the requirenents of
Article 84 EPC. The active and inactive phase periods
were not clearly defined and seenmed to differ fromthe
usual nmeaning of these ternms in that the active phase
usual ly was the period wherein the notor inductance

i ncreased, and the inactive phase the renmaining period
starting at the nonent where the rotor pole faced the
stator pole. According to Figure 4a the active period
started at tine T, and ended at tine T. set in the

m ddl e of the increasing phase inductance period. No
information was given in the application for
determning this point. The description (page 7, | ast
par agraph) confirmed this |ack of definition saying
that "the length of tine each phase is active is based
on various paraneters”. Since after tinme T; the

i nductance further increased and positive current still
fl owed through the phase wi nding and generated a
positive torque, this period should be considered as an
active period.

D1, Figure 6b, disclosed an apparatus and nethod with a
rapid increase of the current flow fromzero to a peak
val ue when the phase becanme active. The current was
then allowed to decrease to a second and | esser val ue
by the tine the phase becane inactive. Subsequently,
the current decayed to zero during the inactive portion
of a phase. The average voltage was significantly

hi gher during the initial active portion of the phase
than during its inactive portion (period "T" in
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Figure 6b; cf D1, page 21, lines 22 to 24). Pulse width
nodul ati on of the voltage was used to control the
current profile during the inactive portion of a phase
and coul d even continue over the whole conmutation
period (D1, page 21, lines 28 to 34).

The appel l ant essentially argued as foll ows:

The amended clains now clearly defined that the notor
current control conprised two tinme segnents during an
active portion of a phase and thereafter a tine segnent
during an inactive portion of a phase. In the first
time segnent, the current was controlled to rapidly
increase to a peak val ue when the phase becane active.
The current was then allowed to decrease to a second

| oner value during a tinme segnent prior to the

commut ation point, viz a tinme segnent during which the
pol e i nductance was still increasing (Figure 4A). A
reduced average voltage (Figure 4E) was thus applied to
t he wi ndi ng whereby the current was decreased

(Figure 4D) by the increasing phase induction to a

| ower value. Thereafter, the current decreased fromthe
| oner value to zero after the comutati on point.

D1, Figure 6b, showed current and voltage profiles for
current control of a switched reluctance notor where

t he average voltage and the notor current were
decreased during a relatively short period T after the
comut ation point 17 (D1, page 15, line 17). After the
period T, a negative voltage was applied to the w ndi ng
whi ch had the effect of cancelling the noise produced
when zero voltage was applied during the period T. Al so
D2 di sclosed current profiles obtai ned by decreasing
the average voltage after the conmmutation point. D3
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only disclosed a boost capacitor, but not a PW
controll ed rapid i ncrease when the phase becane acti ve,
foll owed by a decreasing centre portion of the current
phase.

Reasons for the Decision

1

0242.D

The appeal is adm ssible.

The amended clains 1 and 6 are directly and

unanbi guously derivable froma conbi nation of clainms 1,
4 and 6 to 12, and clainms 29 to 33 of the application
as filed, respectively. Figures 4Ato 4E and 7Ato 7C
and the passage from page 11, |ast paragraph to page 13,
first paragraph of the application as filed further
support these anmendnents. Claim2 nmay be derived from
page 3, lines 9 to 15, and page 8, paragraph 2, of the
application as filed. Clainms 3 to 5 substantially
correspond to clains 2, 3 and 5 of the application as
filed. The anmended clains 1 to 6 do not infringe
Article 123(2) EPC

Claims 1 and 6 specify "switch neans” and "switching a
phase w ndi ng", respectively, for the purpose of
directing current flow "into the winding (W when the
phase is active". This defines the active portion of a
phase as a tinme period when a phase wnding is

energi sed by current froma power source, exenplified
as period To-Tc in Figure 4 of the application (cf

page 7, line 3 frombelow to page 8, line 2, and page 9,
lines 4 to 10 of the application). The purpose of the
cl ai med apparatus and nmethod is "controlling the
current profile ...during the active portion" by
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generating PWM operating signals. The active portion
wi Il thus include portions of increasing and decreasing
i nst ant aneous phase current when both switch neans are
on, and at |east one of the switch nmeans is turned off,
respectively. But only the active portion will have
portions of increasing instantaneous phase current and
a net flow of energy to the nmotor. In swtched
reluctance notors, the active portion begins with, or
is in advance of, the increasing portion of the

i nduct ance characteristics, and it ends at the

commut ation point, at or before the inductance peak,
when the next phase takes over the production of notor
torque in turn (page 2, lines 8 to 10; Figure 4A to 4E
of the application as filed). No current is directed
"into" the winding during the inactive portion of a
phase after the conmutation point, but phase current
continues to flow, due to electromagnetic inertia, in a
zero voltage | oop (freewheel) or a negative voltage

| oop (energy recovery). The terms "active portion" and
"inactive portion" thus have substantially the same
nmeaning as in the prior art (cf D1, pages 1 and 2,

bri dgi ng paragraph; page 11, line 2 frombelowto

page 12, line 3 and page 18, paragraph 2; D2, colum 2,
lines 53 to 59). The choice of an appropriate advance
angl e for the beginning and end of the active phase is
a matter of normal design. It cannot be fixed in
advance w thout taking account of the given operating
paranmeters of the notor, eg rotor speed and torque
requi renents (cf D1, page 13, paragraph 2; D2, colum 3,
lines 59 to 65; D3, page 317, left-hand col um,
paragraph 2 from bel ow and Figure 1). The passage on
page 7, |ast paragraph, of the present application is a
reference to this variable length of tine. Therefore,
claims 1 and 6 clearly define the matter for which
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protection is sought and are supported by the
description as required by Article 84 EPC.

Each of D1 and D2 discl oses an apparatus and a net hod
as specified by the precharacterising parts of the
present clainms 1 and 6, respectively. Both D1 and D2
deal with a simlar problemas the present application
(page 1, lines 20 to 25 and page 9, line 4 from bel ow
to page 10, line 3), nanely to reduce, throughout the
range of SRM operation, the noise which is caused by an
abrupt change in the normal forces to which the notor

i s subj ect ed.

D1 solves the problem by selectively producing a
further vibration through a second switching step a
time T later which has the effect that the two
vibrations tend to at |east partially cancel one

anot her (D1, page 4, first paragraph). In a nmulti-step
node of operation, chopping of the phase current or a
gradual reduction nmay be provided over at |east part of
the "commut ation"” period (D1, page 7, paragraph 2 to
page 8, paragraph 2; page 21, |ast paragraph), ie the
phase current will be reduced after the commutation
poi nt 17 when the active portion of this phase cones to
an end (D1, page 15, lines 14 to 20 and Figures 6b

and 6¢).

D2 (Abstract; colum 1, lines 17 to 37; colum 8§,
lines 20 to 33; claim2; Figure 9B) teaches to control
tail current decay in order to reduce the abrupt
transition in slope in the current curve between the
shal | ow sl ope representing the active portion of the
cycle and the steep slope where the current is falling
to zero when the phase becones inactive. To acconplish



0242.D

- 10 - T 0250/ 01

this, the control circuit conbines both hard choppi ng
and soft chopping current decay control techniques. As
in the case of D1, the resulting change in the sl ope of
the current curve concerns tine segnents when the
commut ation has started and no nore current flows from

t he power source into the w nding.

None of the docunents D1 to D3 cited in the search
report gives a hint at progressively reducing the duty
cycle and/or increasing the frequency of the operating
signals during a first tinme segnment (To-Tx) at the

begi nni ng of the phase's active period, and naintaining
a constant duty cycle and frequency during a second
time segnent (Tx-T¢) until the end of the active portion
of a phase. The winding current is thus raised to a

hi gh peak value (Ip') and decreases, by the application
of a constant | ower average voltage and by virtue of
the increasing inductance, to a second and | esser

value (Ip) by the tinme the phase becones inactive
(Figure 4D). In this way, the change in slope of the

wi ndi ng current may be reduced at the transitions of
the tine segnents at time Tx and T.. Mdtor noi se which
results from abrupt changes in w nding current may thus
be reduced (page 2, |ast paragraph; pages 4 and 5,

bri dgi ng paragraph; page 12, paragraph 1 of the present
application). Although D3 (Abstract and page 318, left-
hand col umm; Figures 2 and 3) discloses a simlar
current profile with a rapid initial increase and a
decreasing slope in the active phase, obtained by
appl yi ng a hi gh boost voltage during current pull-up,

it is not concerned with reducing the notor noise and
does not suggest that the wi nding current should be
controlled by PWM operating signals to decrease froma
peak value in the active portion of a phase.
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In the judgnment of the Board, the subject-matter of
clainms 1 and 6 is thus considered as involving an
inventive step having regard to the docunents D1 to D3
cited in the search report (Article 56 EPC)

The Board has noted an obvious clerical error in each
of the clains 1 and 6 (identified by a [sic] in

par agraphs VI and VIl above). Since it is quite clear
what the appellant intended to say, the Board can order
correction of these errors wi thout further ado.
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For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the departnent of first
instance with the order to grant a patent in the
foll owi ng version
Clains 1 to 6 as filed with the telefax of 26 January
2004, with correction of the obvious errors (duly cycle
shoul d read duty cycle in claiml1l, and the full stop
after reluctance should be deleted in claimb®).
Description, page 1 as filed with the tel efax of
26 January 2004,
pages 3 and 4 as filed with the letter of 1 June 1999,
pages 2 and 5 to 14 as originally filed.

Drawi ngs, sheets 1/3 to 3/3 as originally filed.
The Regi strar: The Chai r man:
D. Sauter W J. L. VWheeler
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