a’ European Patent Office

Europaisches Patentamt ‘ ‘llm

Office européen des brevets @) Publication number: 0 503 722 B1
@) EUROPEAN PATENT SPECIFICATION
Date of publication of patent specification : 6D Int. C1.°: F24F 11/047

07.12.94 Bulletin 94/49
@ Application number : 92200630.9

@2) Date of filing : 04.03.92

Self-regulating ventilation grate.

EP 0 503 722 B1

Priority : 05.03.91 NL 9100392 @ Proprietor : NEDERLANDSE ORGANISATIE
VOOR
TOEGEPAST-NATUURWETENSCHAPPELIJK
ONDERZOEK TNO

Laan van Westenenk 501

NL-7334 DT Apeldoorn (NL)

Date of publication of application :
16.09.92 Bulletin 92/38

Publication of the grant of the patent :

07.12.94 Bulletin 94/49 @2 Inventor : Knoll, Bastiaan

Lange Broekweg 2
NL-2671 PR Naaldwijk (NL)

Designated Contracting States :

AT BE CH DE DK FR GB LI LU NL Representative : Flamman, Han

LIOC Patents and Licensing

P.O. Box 85096

References cited : NL-3508 AB Utrecht (NL)
FR-A- 1 527 197
FR-A- 2 030 547
GB-A- 2 062 842

Note : Within nine months from the publication of the mention of the grant of the European patent, any
person may give notice to the European Patent Office of opposition to the European patent granted.
Notice of opposition shall be filed in a written reasoned statement. It shall not be deemed to have been
filed until the opposition fee has been paid (Art. 99(1) European patent convention).

Jouve, 18, rue Saint-Denis, 75001 PARIS



1 EP 0 503 722 B1 2

Description

The invention relates to a self-regulating ventila-
tion grate with an inlet opening, an exhaust opening
and in between a variable passage opening, of which
the opening is determined by the distance between
an edge of an end of a valve, at the opposite end pro-
vided with a counterweight, situated between inlet
and exhaust opening and a bottom sheet positioned
approximately parallel to that edge, which edge in
case of an increasing overpressure at the wall-
surface of the valve, moves towards that bottom
sheet because the valve rotates around an axis at or
near that opposite end.

A self-regulating ventilation grate is for instance
used in rooms in houses etc. occupied by people. It
is exposed to varying pressure differences as a con-
sequence of wind, of temperature differences be-
tween in- and outside, of ventilation fans (if present)
and of a number of other factors. Regulation only
makes sense, if air is supplied through the grate. The
pressure differences over the grate (upon supply)
during 90% of the time amount to between 1 and 20
Pa in an average house.

At a constant passage opening the volume flow
through the grate then varies by a factor 5. By closing
down the passage opening, starting from an initial
pressure difference of approximately 0.5 Pa with an
increasing pressure difference, the volume flow may
be kept constant at a desired standard value (Figure
1). Leaks in the housing shall, however, also permit an
air volume flow, which increases in case of an in-
creasing pressure difference. The grate should com-
pensate this in order to keep the total volume flow
through the grate plus leaks constant.

It is known to construct such ventilation grates in
such a way that the volume flow through the passage
opening is regulated with the help of a moveable
valve. The valve is then steered by the air flow on a
wall thereof. The higher the pressure on that wall, the
more the valve is pushed into a position, in which it in-
creasingly closes off the passage opening, until it
possibly even entirely closes it off. Aventilation grate
of this type is described in the FR-A-2030547: the
grate is self-regulating by means of a moveable valve;
the self-regulating properties are derived from the
elasticity of the valve: the valve is more or less bent,
depending on the existing gas-flow. The movement of
the valve also may be: hinging around an axis at the
end. The resistance of the valve against movement
then for instance is caused by counterweights that
work at the utmost end of the valve, hence as it were
behind the hinge pin.

These known constructions of ventilation grates
have disadvantages: the hinge friction for instance
causes the starting point of the regulation section - at
which a pressure difference of 0.5 Pa already leads
to a significant change of angle of the valve - to be
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negatively influenced. Thatfriction also causes a hys-
teresis effect. Furthermore, at a relatively low over-
pressure the maximum deflection of a valve is already
reached, which means that the grate could no longer
be regulated for pressure differences of 20 up to 40
Pa. Also the solution as offered by the cited FR-A-
2030547 leads to undesired friction caused by an in-
creased contactsurface between valve and support
with increased bending of the valve; no use is made
of a counterweight for balancing the valve.

The ventilation grate according to the invention
does not show said disadvantages. It is thereto char-
acterized in that the valve is in linear contact with a
curved bearing surface and rotates under the influ-
ence of differential pressure in such a manner thatthe
valve 3 with its bearing point K rolls along the curved
bearing surface without sliding, thus varying the
counteracting moment, provided by a counter-weight.

The working of a ventilation grate according to
the invention will be further explained by means of
Figure 2.

Under the influence of overpressure for instance
on a front of a building, air comes into the front room
(2) through the so-called external grate (1). This
builds overpressure at the entry side of the valve (3)
compared to the space (4) behind the valve. The pres-
sure difference between the rooms 2 and 4 (Aps.4)
causes a deflection (a) of valve (3), which is put on
the bearing surface. The crossover point thereby
moves from K, to K. This causes the flow-through
area between valve (3) and the bottom sheet (6) to
narrow from A, to A. At the same time the pressure
difference (Aps.4) causes a flow velocity (v) in the
cross section (A).

The higher the pressure difference across the
grate and hence also across the valve (Ap,.4), the
more the flow-through area (A) decreases and the
flow velocity (v) increases. The product A.v, multiplied
by a contraction factor (i) depending on the design is
the volume flow rate let through (q,).

The air let through enters the room through the
openings in the inner hood (13).

Itis strived for to have the valve deflection () run
in such a way with the pressure difference (Ap,. 4) that
the volume flow (q,) allowed to pass in case of in-
creasing pressure difference runs through the grate
according to similar curves as in Figure 1. It turned
out that a high sensitivity of the valve (3) was re-
quired, or a small counteracting moment at the deflec-
tion. This can be achieved by making the valve of a
thin and light material. The objection then is, however,
that insufficient damping of the pressure fluctuations
appearing in practice occurs and that the dimensional
stability of the valve is rather small. This is a disad-
vantage for amongst others the regulation accuracy,
the life span and the own noise production. In order
to overcome these objections the valve (3) is made of
an aluminum sheet being 0.5 mm thick, reinforced by
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the curve at one end and provided with a counter-
weight (7) at the other end. The mass inertia of this
composition then provides the necessary damping
qualities.

Valve (3) and counterweight (7) are balanced in
such a way that from pressure differences of 0.5 Pa
across the grate already a deflection (a) arises. If the
valve - according to the state of the art - had been
hanged in a hinging manner at bearing point K, the
hinge friction would unfavourably influence that start-
ing point of the regulation route and also cause a hys-
teresis effect. A further disadvantage then is, that in
case of insufficient damping the valve (3) would al-
ready have its maximum deflection (o = 25°) at a
much lower pressure difference than the desired 20
to 40 Pa (dependent on the flow-compensation re-
quired in view of for instance the air tightness of the
housing).

All these disadvantages are prevented according
to the invention by putting the valve (3) on the unwind-
ing surface of support (5).

By unwinding the valve along this surface, any
sliding along each other (friction) is avoided.

Also the moving of the crossover or bearing point
(K) in case of an increasing deflection (o) causes an
increasing counteracting moment, because the arm
(R) on which the counterweight (7) has been applied,
increases from R, to R. In combination with the ac-
companying reduction of the valve surface (from {L -

R,}B to {L - R}B, in which L is total valvelength from
counterweight to curved valve tip and B is the valve
width) and the reduction of the average armlength
(from 2{L - R.} to '2{L - R} to which the pressure dif-
ference (Ap». 4) applies, this leads to an increased reg-
ulation range up to the desired 20 to 40 Pa.

The exact regulation range and the resulting reg-
ulation curve are to a large extent determined by the
form of the unwinding surface of support (5). In prin-
ciple an ample variation on the regulation character-
istics is possible by adapting the form of this unwind-
ing surface, possibly in combination with the weight
of valve (3), the counterweight (7), the valvelength L,
the tilting arm R, and the position and form of bottom
sheet (6). According to a further characteristic of the
ventilation grate according to the invention it applies
that the unwinding surface of support (5) - the bearing
surface - is the most curved at the spot of crossover
point K, - when there is no pressure difference -,
while the curving radius gradually increases with the
increasing movement of the crossover pointK - hence
in case of an increasing pressure difference -. High
demands are put on the processing accuracy of the
unwinding surface.

Another possible alternative for the unwinding
surface is to build the surface from a series of parallel
bearing combs. To position the valve (3) on the bear-
ing surface of support (5) in a preferred embodiment
of the invention the locking wires (8) and (9) are
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stretched with the help of the stretching screws (10)
and (11) in such a way from valve (3) towards support
(5) that the angle (a) of valve (3) with the horizontal
surface amounts to nil degrees, at a pressure differ-
ence (Aps.4) across the valve of 0 Pa. The valve (3)
possibly becoming oblique widthwise is prevented by
a double execution of the locking wires (8) and (9) and
the stretching screws (10) and (11) widthwise.

The locking wire 8 prevents the valve (3) to slide
downwards along the unwinding surface of support
(5) at a larger angle of rotation (a). The locking wire
(9) prevents the valve from being pushed up in case
of possible gusts or blasts of wind. The two locking
wires (8) and (9) together prevent the valve (3) to
break loose from the unwinding surface of support (5)
in case of possible gusts of wind, thus preventing rat-
tling noises.

The locking wires have been attached in such a
way across the unwinding surface that they do not
hinder the valve in its movement, because the locking
wires do not undergo any change in length. The lock-
ing wires to that end run according to the invention
through narrow, shallow grooves in the unwinding
surface, so that the valve (3) remains resting on the
unwinding surface of support (5). As a possible alter-
native for the locking wires the bottom side of the
valve (3) may be provided with gear racks that grip on
toothings on the unwinding surface. In order to absorb
any stretch of the locking wires usually little springs
are adapted between the locking wires and the
stretching screws.

The line contact, which exists at the crossover
point (K) across the full valvewidth (B), functions as
a sealing between the space (2) above the valve (3)
and the space (4) underneath.

When the valve is closed (o = maximum), it seals
itself, because apart from the line contact at K, the
valve is all around pressed at a stop surface with seat
(12). The sealing material on seat (12) is preferably
flexible and then damps possible extreme pressure
fluctuations, insofar as these are not already damped
by the mass inertia of the valve. Annoying sound pro-
duction such as for instance occurs in case of storm
is avoided therewith.

In figure 3 it is indicated how by rotating the bot-
tom sheet (6) around hinge point (14) by means of a
control mechanism (not drawn), the passage (A,) un-
der valve (3) in case of a constant valve deflection (o)
can be changed into (A). Thus the need for ventila-
tion in principle can be adjusted stepless within a cer-
tain range. By fitting a scale division at the control
mechanism or by marking preferential positions (for
instance ventilation for 1 person, 2 persons etc.) an
univocal, reproducible ventilation adjustment may be
obtained, dependent on the current need, but inde-
pendent of weather influences and other pressure in-
fluencing factors.

In a somewhat adapted form, the bottom sheet
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(6) is also preferably used to entirely seal off the
grate.

For this purpose the valve (3) should be taken
along, from any arbitrary position, by the (prolonged
and in its hinge point adapted) bottom sheet surface
(6), in order to be pushed against the seat (12).

In the preferred embodiment of a grate according
to the invention, as described in figure 3, the sealing
of the grate can be executed independent from the
adjustment of the ventilation need by pushing the
valve (3) downwards with the carrying pins (15) that
hinge around point (16) through an operable arm.

Another possibility to seal off the grate is to adapt
a separate locking plate. This then hinges from the
bottom of the grate casing upwards, as far as against
the bottom of the bearing surface.

Measurements have been performed on an em-
bodiment of a grate according to the invention. To that
end the grate was placed in the side wall of a large
wind tunnel. The wind flowing alongside it generated
a pressure difference across the grate, without the
regulating characteristics of the grate showing any in-
teraction with the working point of the ventilation fan
of the wind tunnel. The volume flow let through to the
grate has been measured with the help of a specially
calibrated measuring cassette placed on the grate.
The pressure difference across the grate minus the
measuring cassette has been measured with a device
for measuring a pressure difference.

The regulating curve thus determined is shown in
figure 4. It concerns the curve for the ventilation need
of two persons. The ideal, desired curve has also
been drawn in figure 4 for the sake of comparison. It
appears from comparison of the measured curve and
the desired curve that at the trial model concerned of
the grate the yield is accurately regulated within 20%
up to a pressure difference of 30 Pa. The occurring
inaccuracies can be explained because small adjust-
ing screws were adapted to create the unwinding sur-
face of support (3). The valve (3) thereby tilted across
the protruding tips of the screws concerned. Since
the number of screws was limited, there occurred
some discontinuity, which explains the oscillations in
the measuring curve between 10 and 30 Pa.

The space around the protruding screw tips
caused an extraleak at the spot of the crossover point
(K).

In addition to measurements to determine the ad-
justment of the grate and the grate curve, tests have
been performed at the damping characteristics of the
grate. The pressure differences in practice show con-
siderable fluctuations of various frequencies. It
should be prevented that the moving valve reacts too
strongly hereto, which causes a fast wear and sound
production (rattling). To test the damping the grate
has been exposed to the most extreme, in practice
occurring, pressure fluctuations. The pressure fluctu-
ations have been generated with the help of a lock-
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able opening in the casing in which the grate was
mounted for testing. The pressure fluctuations arise
by opening and locking said opening more or less
fastly, entirely or partially. The pressure fluctuations
across the grate have been recorded with an electri-
cal pressure recorder.

The reactions of the valve on extreme pressure
fluctuations, as may occur in practice, turn out to be
good. There was not observed any fast movement of
the valve nor any sound production.

Claims

1. Self-regulating ventilation grate with an inlet
opening, an exhaust opening and in between a
variable passage opening (A), of which the open-
ing is determined by the distance between an
edge of an end of a valve (3), provided at its op-
posite end with a counterweight (7) and situated
between inlet and exhaust opening, and a bottom
sheet (8) positioned about parallel to that edge,
which edge in case of an increasing overpressure
on a wall-surface of the valve (3), moves towards
that bottom sheet (6) because the valve (3) turns
around an axis at or near that opposite end,
characterised in that the valve (3) is in linear con-
tact with a curved bearing surface and rotates un-
der the influence of differential pressure in such
a manner that the valve (3) with its bearing point
K rolls along the curved bearing surface without
sliding, thus varying the counteracting moment
provided by the counterweight (7).

2. Self-regulating ventilation grate according to
claim 1,
characterised in that the bearing surface is the
most curved there where the valve (3) is in con-
tact with it when there is no pressure difference
and that that curve is gradually increasing in the
direction, in which the tangent with the valve
moves, in case of an increasing pressure differ-
ence.

3. Self-regulating ventilation grate according to
claim 1 or 2,
characterised in that the system of valve (3) and
bearing surface is provided with locking wires (8,
9) and stretching screws (10, 11) belonging there-
to, which make the valve (13) always lying
against the bearing surface (17), preventing the
valve (3) from gliding along the bearing surface
and with which the tuning of the position of the
valve (3) in case of absence of a pressure differ-
ence, may be realised.

4. Self-regulating ventilation grate according to
claim 3,
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characterised in that the locking wires (8, 9) run
in grooves in the bearing surface.

Self-regulating ventilation grate according to one
or more of the preceding claims,

characterised in that the passage opening is pro-
vided with a stop surface (12) against which in
case of a sufficiently high pressure difference,
the valve (3) is stopped, such, that in that position
the entire passage opening is closed.

Self-regulating ventilation grate according to
claim 3,

characterised in that there where the valve (3)
stops against the seat (12), the latter is covered
with, or consists of a resilient material.

Self-regulating ventilation grate according to one
or more of the preceding claims,

characterised in that the position of the bottom
sheet (B) is adjustable.

Self-regulating ventilation grate according to
claims 5,6 0r7,

characterised in that it is provided with a mecha-
nism (15), with which the valve (3) can be pushed
against the stop surface (6).

Self-regulating ventilation grate according to one
or more claims 1-4,

characterised in that the passage opening can be
sealed off by means of a hinging locking plate (6).

Patentanspriiche

1.

Selbstregelnder Liftungsrost mit einer EinlaRoff-
nung, einer Auslaféffnung und dazwischen einer
verdnderlichen Durchlaléffnung (A), wovon die
Offnung bestimmt wird durch den Abstand zwi-
schen einem Rand an einem Ende einer Klappe
(3), die an der gegeniiberliegenden Seite mit ei-
nem Gegengewicht (7) versehen ist und die sich
zwischen der Einla- und der AuslaRéffnung be-
findet, und einem Bodenblech (6), das ungeféhr
parallel zu diesem Rand angebracht ist, welcher
Rand im Fall eines zunehmenden Uberdruckes
an der Oberfldche der Wand der Klappe (3), zu
jenem Bodenblech (6) hinbewegt, da die Klappe
(3) sich um eine Achse an oder in der Ndhe von
jenem gegeniibergelegenen Ende dreht,

dadurch gekennzeichnet, daf die Klappe (3) in Li-
nienberiihrung mit einer gebogenen Lagerflache
steht und unter dem EinfluR des Differential-
drucks auf eine derartige Weise dreht, dal® die
Klappe (3) mit ihnrem Beriihrungspunkt K chne zu
Gleiten liber die gebogene Lagerflache rollt, und
auf diese Weise das gegenwirkende Moment,
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das durch das Gegengewicht (7) erzeugt wird,
variiert wird.

Selbstregelnder Liftungsrost gemal Anspruch
1,

dadurch gekennzeichnet, dal® die Lagerflache
am stérksten an der Stelle gekrimmt ist, wo die
Klappe (3) mitihr in Beriihrung steht, wenn keine
Druckdifferenz vorliegt, und daf jene Kriimmung
in der Richtung, in der die Tangente mit der Klap-
pe bewegt, im Fall einer wachsenden Druckdiffe-
renz allmahlich zunimmt.

Selbstregelnder Liftungsrost gemak Anspruch 1
oder 2,

dadurch gekennzeichnet, daR das System beste-
hend aus Klappe (3) und Lagerfldche mit Siche-
rungsdrdhten (8, 9) und dazu gehérenden Spann-
schrauben (10, 11) versehen ist, die dafiir sorgen,
daf die Klappe (3) immer gegen die Lagerflache
anliegt, die verhindern, da die Klappe (3) ent-
lang der Lagerflache gleitet, und womit die Ein-
stellung der Klappe (3) bei fehlender Druckdiffe-
renz vorgenommen werden kann.

Selbstregelnder Liftungsrost gemal Anspruch
3!

dadurch gekennzeichnet, dall die Sicherungs-
drahte (8, 9) in Rillen, die in der Lagerflache an-
gebracht sind, verlaufen.

Selbstregelnder Liiftungsrost gemaR einem oder
mehreren der vorgenannten Anspriiche,
dadurch gekennzeichnet, dall die DurchlaRéff-
nung mit einer Anschlagflache (12) versehen ist,
wogegen bei einer ausreichend hohen Druckdif-
ferenz die Klappe (3) anliegt, auf eine Weise, dal
in dieser Stellung die gesamte DurchlaRéffnung
abgeschlossen ist.

Selbstregelnder Liftungsrost gemal Anspruch
5!

dadurch gekennzeichnet, dal® da, wo die Klappe
(3) gegen den Sitz (12) anliegt, letzterer mit ei-
nem elastischen Material bedeckt oder daraus
gefertigt ist.

Selbstregelnder Liiftungsrost gemaR einem oder
mehreren der vorgenannten Anspriiche,
dadurch gekennzeichnet, dal die Lage des Bo-
denblechs (6) einstellbar ist.

Selbstregelnder Liftungsrost gemal Anspruch
5,6 oder 7,

dadurch gekennzeichnet, dal® er mit einer Vor-
richtung (15) versehen ist, womit die Klappe (3)
gegen die Anschlagflache (12) gedriickt werden
kann.
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Selbstregelnder Liiftungsrost gemaR einem oder
mehreren der Anspriiche 1-4,

dadurch gekennzeichnet, dal® die DurchlaR&ff-
nung mit Hilfe einer scharnierenden Abschluf3-
platte (6) abgeschlossen werden kann.

Revendications

Une grille de ventilation a réglage automatique
avec une ouverture d’arrivée, une ouverture
d’échappement et entre les deux une ouverture
de passage variable (A), dont I'ouverture est dé-
terminée par la distance entre un rebord d’'une
extrémité d’'une valve (3), munie a son extrémité
opposée d'un contrepoids (7) et située entre les
ouvertures d’'arrivée et d’échappement, et une
plaque inférieure (8), située approximativement
parallélement a ce rebord, ce rebord se déplagant
vers cette plaque inférieure (6) en cas d'une sur-
pression croissante sur la surface-paroi de la val-
ve (3), parce que la valve (3) tourne autour d’'un
axe a cette extrémité opposée ou a proximité,
caractérisée en ce que la valve (3) est en contact
linéaire avec une surface support courbe et tour-
ne sous |'effet d'une différence de pression, de
sorte que la valve (3) avec son point support K
roule le long de la surface support courbe sans
glisser, faisant ainsi varier le moment neutralisant
provenant du contrepoids (7).

Une grille de ventilation a réglage automatique
d’apres la revendication 1,

caractérisée en ce que la surface support est la
plus courbée a I'endroit ou la valve (3) est en
contact avec elle lorsqu’il n’y a pas de différence
de pression, et en ce que cette courbe augmente
progressivement dans la direction ou la tangente
se déplace avec la valve, en cas d’augmentation
de la différence de pression.

Une grille de ventilation a réglage automatique
d’apres la revendication 1 ou 2,

caractérisée en ce que le systéme de la valve (3)
et de la surface support est muni de fils de fixa-
tion (8, 9) et de vis de tension (10, 11) qui en font
partie, qui ont pour effet de toujours maintenir la
valve (3) contre la surface support, empéchantla
valve (3) de glisser contre la surface support, et
avec lesquels on peut réaliser le réglage de la po-
sition de la valve (3) en cas d'absence de diffé-
rence de pression.

Une grille de ventilation a réglage automatique
d’apres la revendication 3,

caractérisée en ce que les fils de fixation (8, 9)
s’étendent dans des sillons dans la surface sup-
port.
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10

Une grille de ventilation a réglage automatique
d’aprés une ou plusieurs des revendications pré-
cédentes,

caractérisée en ce que l'ouverture de passage
est munie d’'une surface d’arrét (12), contre la-
quelle la valve (3) est stoppée en cas de différen-
ce de pression suffisamment élevée, de sorte
que, dans cette position, toute I'ouverture de
passage est fermée.

Une grille de ventilation a réglage automatique
d’aprés la revendication 5,

caractérisée en ce que a I'endroit ou la valve (3)
s’arréte contre le siége (12), ce dernier est recou-
vert de, ou consiste en un matériau élastique.

Une grille de ventilation a réglage automatique
d’aprés une ou plusieurs des revendications pré-
cédentes,

caractérisée en ce que la position de la plaque in-
férieur (6) est ajustable.

Une grille de ventilation a réglage automatique
d’aprés les revendications 5, 6 ou 7,
caractérisée en ce que elle est munie d’'un méca-
nisme (15), avec lequel la valve (3) peut étre
poussée contre la surface d’arrét (12).

Une grille de ventilation a réglage automatique
d’aprés une ou plusieurs des revendications 1 a
4!

caractérisée en ce que l'ouverture de passage
peut étre scellée au moyen d’'une plaque de fixa-
tion pivotante (6).
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