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Summary of Facts and Subm ssi ons

Eur opean patent application No. 90 305 032.6 filed on
10 May 1990, claimng priority of 10 May 1989 from an
earlier application in the United States (US 350935)
and published under the publication No. 0 397 488, was
refused by a decision of the Exam ning Division
announced at the end of oral proceedings held on

21 March 1996.

The deci sion was posted on 3 April 1996.
1. The reason for the refusal was non-conpliance with the
requirenents of Article 56 EPC with regard to the
conbi ned teaching of the docunents
Dl: SAE Transaction. paper no. 841 253, 1985, New York
US pages 5698 to 5707; Thonpson et al.: "Active
suspensions with vibration absorbers and optinma

out put feedback control" and

D11: "Kl ei nes Handbuch techni scher Regel vorgange" by
W Qppelt, |SBN 3-527-25347-5

or of the docunents

D1 and

D8: EP-A-0 114 757.

Ref erence was further nade to the docunents
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D2: Machine Design, vol. 56, no. 28, 26 Novenber 1987,
pages 125 to 129 and

D10: DE-A-2 408 292

so as to underline that, at the priority date of the
present application, non-linear control had already
been applied to a fully active dynamcally controlled

suspensi on system

On 28 May 1996 a notice of appeal was | odged agai nst
t hat deci sion and on 29 May 1996 paynent of the
prescri bed fee was registered.

The statenent of grounds of appeal was filed on 25 July
1996.

In a communi cation issued in preparation for oral
proceedi ngs the Board drew attention to the conbination
of the teachings of the docunents D1 and D10 which
should, in addition to the conbinations relied upon by
the Exam ning Division, be the subject of further

di scussion during the oral proceedings. Since the
dynam c vi bration absorber disclosed in D1 was
primarily related to danping of axle oscillations there
was no apparent reason to omt the dynam c danper in a

system conbi ni ng the teachings of D1 and D10.

It should further be discussed during the oral
proceedi ngs whet her the cl ai ned advant ages were

achi eved by the conbi nation of features of the present
claim1 only or if further neans were necessary to

arrive at the desired effects.
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Oral proceedings were held on 14 Cctober 1997. During
the oral proceedings the appellant filed newclains 1

to 8 and description pages 1 to 9.

The appel | ant requested that a patent be granted on the
basi s of these new docunents together with the
originally filed Figures 1 to 7.

Current claim1 reads as foll ows:

"1. Suspension apparatus for a vehicle having a sprung
mass (11) and an unsprung nmass including a wheel (12)
and a wheel support nmenber (12A), the suspension
apparatus conpri sing:

an active dynamcally controll ed suspension system
(17) intercoupling the sprung mass (11) and the
unsprung mass (12, 12a);

a wheel danper (21, 22, 23) conprising a danping
mass (21) and a danpi ng device (22, 23) connecting the
danpi ng mass (21) to the wheel support nenber (12A),

t he danpi ng mass (21) being relatively novable with
respect to the wheel support nmenber (12A) such that
there is no transfer of force between the unsprung mass
and the sprung nmass through the wheel danper; and
wherei n the suspension apparatus is free of a danping
elenment in parallel with the non-linear ("non-Ilinear"
shoul d obviously be deleted at that place) active
control | ed suspensi on system characterised in that

the active dynamcally control |l ed suspension
systemis a non-linear controlled system

wherein the ratio of the mass of the wheel danper

to the unsprung nmass is in the range of 0.5 to 1.5."
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In support of its request for grant of a patent the
appel lant relied essentially on the follow ng

subm ssi ons:

Since novelty over the closest prior art as represented
by D1 was not in dispute the only question to be
consi dered was whether the subject-matter of claiml

i nvol ved an inventive step.

When starting fromthe active linearly controlled

suspensi on system di sclosed in D1 the actual

devel opment in this technical field was not to non-

linear controlled systenms as was clear from docunents

D12: Vehicle System Dynam cs, 20, (1991) pages 381 to
383, "A Technical Note on the Lotus Suspension
Patents" by A.G Thonpson and B.R Davis and

D13: Vehicle Systenms Dynam cs, 21 (1992), pages 19 to
37, "Optimal Active Suspension Design Using a
Frequency-shaping PID Filter" by A G Thonpson and
B. R Davi s,

relating to the sanme authors as D1 and filed at the
oral proceedings before the Exam ning Division. On the
other hand it was admttedly known from docunents D3
and D10 to nmake use of non-linear actively controlled
systens, however w thout using any |onger a dynam c

vi brati on absorber.

Furthernore, it had to be borne in mnd that the system
di sclosed in DL was a systemconplete in itself which

system nade use of limted or inconplete state variable
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feedback and for that reason was a sub-optinmal system
In a non-linear controlled systemconplete state

f eedback was even nore difficult to attain, another
reason why apparently actual devel opnment went in a
different direction of control and w thout introduction
of further conplication by using a dynam c vibration
absor ber.

Consi dering the dynam c vibration absorber itself, D1
clearly indicated that the mass ratio should preferably
be between 0.2 and 0.5 which |l ed away fromthe higher
val ues found to give optinmal performance in a non-
linear controlled systemin accordance with the present
invention. In the absence of any |ead given by the
avail able prior art for inprovenent of the system
disclosed in D1 in the direction to include non-linear
control and a vibration danper with a mass rati o higher
t han anywhere suggested, the suspension system cl ai ned
in claiml of the present patent application should be
acknowl edged to be based on an inventive activity.

Reasons for the Decision

1. The appeal is adm ssible.
2. Amendments
2.1 Current claim1l is based on the subject-matter of the

originally filed claims 1, 2, 3, 7 and 13 and in fact
now relates to the preferred enbodi ment disclosed in
relation to figure 4 of the applicationin its

2807.D Y
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originally filed form

The dependent clains 2 to 8 are based on the originally
filed clains 4, 10, 11, 12, 8, 14 and 15, respectively.

In view of these assessnents there are no objections
under Article 123(2) EPC to the present set of clains.

The description was adapted to the subject-matter now
cl ai mred and does not give rise to objections under the
EPC eit her.

Novelty and inventive step

The closest prior art is represented by DI. As was al so
acknow edged by the appellant, this prior art docunent
di scl oses the basic configuration for an active
suspension wth a dynam c vibration absorber in
accordance with the conbi nati on of features of the
precharacterising portion of claim1l of the present
patent application (see D1, page 5.699, figure 1).

D1 discloses further that the control of the active
suspension is based on a |inear control nodel and the

opti mum f eedback gai ns are conputed accordingly.

The underlying problemto be solved by the present
application is to be seen in the provision of an

i nproved vehicl e wheel assenbly suspension in which
essentially no net resistive forces occur between the
unsprung and sprung nasses and which all ows

si mul t aneous control of the vehicle for large vertical

road excursions (see page 2, lines 13 and 14 and

2807.D
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page 5, lines 2 to 5 of the present description).

This problemis solved by the conbination of features
of the current claim1. In accordance with the
statenment on page 5, lines 22 to 27 of the present
patent application it has been found by the present
inventor that with a non-linear active dynamcally
control | ed suspension system conprising a dynam c

vi brati on danper ratio, which lies between 0.5 and 1.5,
t he obj ect can be attai ned.

Consi dering what the skilled person would do when
trying to inprove the active suspension system

di sclosed in D1, the appellant pointed out that the
skilled person would in the first place increase the
nunber of feedback variables along the lines set out in
D1 (see page 5.698, right-hand colum, lines 12 to 21,
“l'inear optimal control theory requires all the state
vari ables to be fed back"). However, there was no

i ndi cati on whatsoever in D1 that a non-linear control
systemcould lead to any reduction of the resistive

f orces.

Furthernore, the appellant drew attention to the fact
that in the prior art active suspension systens such as
shown in D8 and D10 and the systens described in the
articles D12 and D13 (both were published after the
filing date of the present patent application) no use
was made of dynam c vibration danpers at all. |ndeed
the systens disclosed in D8 and D10 di scl osed non-
linear control but apparently the skilled person did
not need a dynami c vibration danper in such nore

conplicated control systens because of a nore advanced

2807.D
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f eedback control taking account of the wheel axle
(unsprung mass) vibrations. In this respect reference
was al so made to the paragraph on page 5, lines 19 to
27 of D8 fromwhich it was clear that nodification of
the effective unsprung nmass was taken into account in
the control function and therefore additional neans for

danpi ng the axle vibrations were not necessary.

Moreover, D1 expressly stated that the mass ratio
shoul d be preferably lie between 0.2 and 0.5 and
certainly such instruction would not |lead the skilled
person to apply higher mass ratios as clained in the
current claiml of the present patent application, |et
alone to take into consideration a the conbination of

non-linear control and such higher mass rati os.

The Board follows this analysis of the available prior

art.

The further docunments cited in the first instance
proceedi ngs do not give rise to a different opinion
about the line of devel opnent of active suspension
systens and none of these further docunents discl oses
or suggests non-linear control conbined with a dynam c
vi bration danper, in particular one having a mass ratio
of 0.5 to 1.5.
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Docunment D2, referred to in the decision under appeal
(see page 5, second paragraph) as further evidence that
the problens with linear control, such as its

conpl exity or sub-optimal performance, were known to
the skilled person and that consequently a need for

i nprovenent of the control itself existed, does not
give any hint in the direction of non-linear control of
the, in fact, non-linear process (see D2, page 129, the
text at the end of the left hand colum). On the
contrary D2 keeps the control |inear but rather focuses
on i nprovenent by neans of the adaptive feedback
control design (see page 129, left hand colum: "There
are two mai n approaches to adaptive feedback control
desi gn: nodel reference adaptive control and self-

tuning regul ators").

The textbook D11, considered to be particularly

rel evant by the Exam ning D vision because of a
probabl e application of deviation nagnitude dependent
control (see page 5, |ast paragraph of the decision
under appeal and D11, |ast paragraph on page 550), does
in fact neither allow predictable conclusions as to any
reduction of the resistive forces encountered with the
linear control of the active suspension system

di sclosed in D1 by applying non-linear control nor does
it give any help in pointing the skilled person to an

i ncreased nmass ratio of the dynam c vibration danper if

non-linear control is applied.

In sunmary, since no suggestion is derivable fromthe
cited docunents to apply non-linear control to the
active suspension system conbined with a dynanic

vi bration danper having a mass ratio of the wheel

2807. D Y A
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danper to the unsprung mass in the range of 0.5 to 1.5,
the subject-matter of claiml1l, in the Board' s opinion,
was not obvious to the skilled person.

4. The Board, therefore, cones to the conclusion that the
subject-matter of claim11 involves an inventive step in
accordance with Article 56 EPC. Consequently, this
claim together with dependent clains 2 to 8, relating
to particular enbodi nents of the invention in
accordance wwth Rule 29(3) EPC, are acceptable.

Since the description and drawi ngs are in agreenent
with the subject-matter now cl ai med, no objections

ari se against the grant of a patent on the basis of the
appel l ant's request.

Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the first instance with the
order to grant a patent on the basis of

d ai ns: 1 to 8 as filed during the oral
proceedi ngs of 14 Cctober 1997, and

Description: pages 1 to 9 as filed during the oral
proceedi ngs of 14 Cctober 1997,

2807.D Y



- 11 - T 0773/ 96

Dr awi ngs: figures 1 to 7, as originally filed.
The Regi strar: The Chai r man:
S. Fabi ani F. Gunbel
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