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Verfahren und Vorrichtung fir ein Saugventil

der Plattenbauart

Die Erfindung betrifft ein Verfahren zum Betrieb eines
Saugventils der Plattenbauart gemdss den Merkmalen von

10 Anspruch 1. Die Erfindung betrifft weiter eine
Vorrichtung zur Durchfihrung des Verfahrens gemass den
Merkmalen von Anspruch 6.

Aus der Patentschrift DE-679 714 ist ein
elektromagnetisch gesteuertes Saugventil der

15 Plattenbauart bekannt. Dabei dient die Ventilplatte als
ein Anker eines Elektromagneten, sodass die Lage der
Ventilplatte Uber eine Ansteuerung der Magnetspule
bestimmbar ist. Dieses bekannte Saugventil weist den
Nachteil auf, dass die Ventilplatte die Neigung hat am

20 Magnetjoch des Elektromagneten zu kleben, was keinen
sicheren und insbesondere keinen schnellen Betrieb des
Saugventils erlaubt. Weiter ist es erforderlich, gegen
den Ventilsitz hin eine magnetische Isolierung
anzuordnen, um ein Kleben der als Anker dienenden

25 Ventilplatte am Ventilsitz zu verhindern. Diese

magnetische Isolierung weist den Nachteil auf, dass das

.Anbringen kostenaufwendig ist, und dass die durch die

Ventilplatte bewirkten Schlage einem grossen Verschleiss

.der_ magnetischen Isolierung bewirken, was das e

30 Wartungsintervall des Saugventils stark verkirzt.



¢

The invention relates to a nmethod of operating a suction valve of the
plate-type of construction in accordance with the features of claim1. The
invention relates to an apparatus for carrying out the nmethod in accordance
wth the features of claim®6. An el ectromagnetically controlled suction
val ve of the pWBIEBe of construction is known fromthe pafERCHIEN00340
specification DE-679 714. There, the val ve-pRate serves as an arnature of
an el ectromagnet, so that the position of the valve plate can be determ ned

by a control of tpe {@INGirsdid aehvdriieyBndsls (R inding; B8 HSser
di sadvantage that the valve plate

has th endency tq stick to the magnetic
yoke of the el ect ARFERIRAL %H“ﬁb@?rﬁﬁfgﬁgFﬂ+$h%ﬁ§;F@Pﬁ?ﬁpéffand in
particul ar rapi d vpezwascholagEnt he suction val ve

Diese Aufgabe wird geldst wmit einem Verfahren gemass den

5§ Merkmalen von Anspruch 1. Die abhidngigen Anspriiche 2 bis
5 beziehen sich auf weitere vorteilhafte Ausgestaltungen
des Verfahrens. Die Aufgabe wird weiter geldst mit einer
Vorrichtung geméss den Merkmalen von Anspruch 6. Die
abh&angigen Anspriiche 7 bis 14 beziehen sich auf weitere

10 vorteilhafte Ausgestaltungen der erfindungsgemdssen
Vorrichtung.

Diese Aufgabe wird insbesondere mit einem derartigen
Verfahren gelést, dass die Ventilplatte mit einem im
Fanger angeordneten Elektromagneten gehalten wird, und

15 dass zum Lbsen der Ventilplatte der Elektromagnet mit
einem abklingenden Wechselstrom angesteuert wird, um die
Ventilplatte zumindest teilweise zu entmagnetisieren,
sodass sich die Ventilplatte sicher vom Ventilfédnger 1lést
und die Ventilplatte nicht am Ventilsitz klebt. Die

20 erfindungsgemdsse Vorrichtung weist einen Ventilfanger
mit einer Magnetspule auf, sowie eine
Ansteuervorrichtung, um die Magnetspule anzusteuern und
insbesondere mit einem abklingenden Wechselstrom zu
beschicken.

25 Die Erfindung wird anhand von Ausfihrungsbeispielen im
Detail beschrieben. Es zeigen:

Fig. 1 Eine Explosionszeichnung eines Saugventils der
Plattenbauart;
Fi§; 2 eine elektronischenAnsgéﬁervorrichtung}



FurthernDre

sticking at the valve seat.

it

IS necessary to arrange a nmagnetic insulation relative to

t he—vatvre—seat—in—order—to—preveri—-he—valvwe—plat-e—ser vi-ng-as—an armature

This magnetic insulation has the di sadvant age

that the application is costly and that the bl ows brought about by the
val ve pl ate brwogredsesit substantial wear of the nmagnetic i nseCratCH6100340 Cch
greatly shortens the servicing interval for Bhe suction valve. It is the

obj ect of the present
which is better
accordance with t
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Fig. 3b
Fig. 3¢
Fig. 3d
Fig.'4
Fig. 5
Fig. 6

i nvention to propose a nore economnm cal suction valve

Y 1 9 Wl inen Hle3sBRAEEL b HF1ds3lebeRiBEL Ntk

Ventilfangers;

einen weiteren Querschnitt durch einen
Ringkérper eines Ventilféngers mit
Dampferplatte und Ventilplatte;

einen weiteren Querschnitt durch einen
Ringkdérper eines Ventilfangers mit
Dampferplatte und Ventilplatte;

einen Querschnitt durch ein weiteres
Ausfihrungsbeispiel eines Ringkérpers eines
Ventilfangers;

ein Ansteuerdiagramm fir ein Saugventil der
Plattenbauart;

ein Ansteuerdiagramm f4r ein weiteres Verfahren
zum Ansteuern eines Saugventils der
Plattenbauart;

ein weiteres Ausfiihrungsbeispiel eines
Saugventils mit einer Ventilplatte bestehend
aus einer Mehrzahl ringformiger
Ventilplattenteile.

Fig. 1 zeigt in einer Explosionszeichnung ein Saugventil
1 umfassend einen Ventilsitz 2, welcher auch als eine
Ventilsitzplatte bezeichnet wird, eine Ventilplatte 3,
eine Dampferplatte 4 und einen F&nger 6. Diese Teile
werden von einer gemeinsamen Zentralschraube 7

. zusammengehalten. Die.Dampferplatte 4 weist Oeffnungen 44

auf zum Durchtritt einer Feder 5, welche zwischen dem
Fidnger & und der Ventilplatte wirkend -angeordnet ist. Das.
Saugventil 1 kann mit oder auch ohne Dampferplatte 4



- 2- features of claim 1. The dependent clains 2 to 5 relate to further
advant ageous devel opments of the method. The object is further satisfied by
an apparatus in accordance with the features of claim®6. The dependent

claine 7 to 14 relate to further advantageous devel opnents of the apparatus
of the invent WA 9713068 J P PCT/CH6/00540
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betrieben werden. Der Ventilfinger 6 weist eine Mehrzahl
von Ringkérpern 6a auf, welche alle miteinander verbunden
sind. Jeder Ringkdérpexr 6a weist eine in Umfangsrichtung
verlaufende Nut 6b auf, wobei in der Ringnut 6b

5 elektrische Leiter angeordnet sind, die eine Magnetspule
2 bilden.

Fig. 3a zeigt einen Querschnitt durch einen Ringkdrper 6a
mit einer Ringnut 6b, sodass der Ringkdrper 6a die Form
eines Ringkdrpermagnetjoches 6c annimmt. In der Ringnut

10 ist eine Magnetspule 9 angeordnet, welche ein
Blektromagneten ausbildet. Der Ringkdrper 6a gemdss dem
Ausfiihrungsbeispiel Fig. 3a weist auf der der
Ventilplatte 3 zugewandten Seite eine Abdeckschicht 9a
auf, welche den durch die Magnetspule 3 belegten

15 Innenraum gegen aussen hermetisch abschliesst, um die
Magnetspule 9 vor Verunreinigungen oder schaédlichen Gasen
zu schiitzen. Die Magnetspule 9 wird von einer
Ansteuervorrichtung 8 angesteuert, sodass sich ein
Magnetfeld ausbildet, und die Ventilplatte 3 von diesem

20 Magnetfeld angezogen wird. Die Ventilplatte 3 bildet den
Anker des Elektromagneten.

Fig. 2 zeigt die Ansteuervorrichtung 8, welche eine
Modulationsvorrichtung 8a aufweist, wobei die
Ansteuervorrichtung fiber elektrische Leitungen 8b mit

25 einem Drehwinkelsensor und liber weitere elektrische
Leitungen 8b mit der bzw. den Magnetspulen $ verbunden
ist.

In Fig. 4 ist ein schematischer Ablauf der von der
Ansteuervorrichtung 8 verarbeiteten Messignale und
.30 erzeugten Anstguers1gnale dargestellt. Auf dex . =
horizontalen Achse ist der Zeitverlauf t be21ehungswe1se
. der Drehwinkel © eines Kolbenkompressors dargestellt, im.- .
obersteﬁ Diagramm die Stellung des Ventils in den beiden



This object is in particular satisfied with a nethod such that the val ve
p[ﬂE£F+éP4KH4*4$f—&H—e+eG+++¥Hﬁﬁ%ﬁ—éﬁ4€¥ﬁ¥¥}444—khe—satCher and-such that
the electromagnet is controlled with a decaying alternating current for the
rel ease of the valve plate, in order to at | east partly demagneti se the

val ve pl ate, swolohiadesg he val ve plate is reliably rel eased fr pgridussvmiye
catcher and does not stick to the valve seatg The apparatus of the

invention has a valve catcher with a magnet coil, and also a control device
in order to control the magnet coil, and in artjcul ar to s%gg X it with a
decayi ng al ter nat‘?‘%‘@r%%ﬁ’?%‘iﬁtandeﬂﬂé’flfﬁ?eHPﬁi esFRiogReYedT) PBEGLPR R t ai |

wi th reference tmiadposthmesis Drdmvinkaleighalwndes Drehwinkelsensors, und
im unteren Diagramm der von der Ansteuervorrichtung 8 an
die Magnetspule abgegebene Magnetstrom I. Auf ein Signal
5 des Drehwinkelgebers 10 hin wird an die Spule 9 ein
Magnetisierungsstrom angelegt, was bewirkt, dass die
Ventilplatte 3 vom Ventilfanger 6 angezogen wird, sodass
das Ventil gedOffnet wird. Dabei fihrt die
Ansteuervorrichtung 8 eine erste Ansteuerphase lla aus,
10 was eine Magnetisierung des Ventilféngers 6 bewirkt. Das
Saugventil 1 kann nun tiber eine beliebig wahlbare
Zeitperiode offen gehalten werden. 2um Schliessen des
Saugventils 1 wird vorzugsweise wiederum ein Signal des
Drehwinkelsensors 10 verwendet, wobei die
15 Ansteuervorrichtung B8 nach diesem Signdl eine zweite
Ansteuerphase 11b des Elektromagneten S einleitet, indem
mittels einer Modulationsvorrichtung Ba ein abklingender
Wechselstrom erzeugt wird, welcher an die Magnetspule 9
angelegt wird, um die Ventilplatte 3 und/oder den
20 Ventilfinger 6 zu entmagnetisieren. Durch die
Entmagnetisierung wird jegliche Haltekraft zwischen der
Ventilplatte 3 und dem Ventilfanger 6 unterbunden,
insbesondere wird ein Aneinanderkleben der beiden Teile
aufgrund verbleibender magnetischer Krafte verhindert.
25 Beim Schliessen des Saugventils 1 wird die Ventilplatte 3
gegen den Ventilsitz 2 gepresst. Dabei kommt die
Ventilplatte 3 direkt auf den Ventilsitz 2 zu liegen,
sodass ein direkter Kontakt zwischen den beiden
metallisch ausgebildeten Komponenten entsteht. Da die
30 Ventilplatte 3 vorgidngig entmagnetisiert wurde, besteht
keine Gefahr eines Anklebens der Ventilplatte 3 an den
_ Ventilsitz 2. Der Ventilsitz 2, die Ventilplatte 3 und
v m—eeesssie— s gy Ventilfénger 6 bestehen-iblicherweise -aus einem T
rostfreien Stahl mit hartmagnetischen Eigenschaften.
35 2Zwischen dem Ventilsitz 2, der Ventilplatte 3 und dem - -
Ventilféinger 6 sind keine magnetisch isolierenden



Fig. 1 an.exploded drawing of a suction valve with the pl ate-type
of construction; Fig. 2 an electronic control device; Fig. 3a a
cross-section through a ring body of the valve cat cher; Fig. 3b a
further cross-section through a ring body of a val ve catcher with a
danper plate aMA9HIIEE ve pl ate; Fig. 3c a further cross-seB¢T6H%¥8ugh a
ring body of a val ve catcher with a &amper-plate and a val ve pl ate;

Werkstoffe angeordnet, sodass die Entmagnetisierung der
Ventilplatte 3 und des Ventilféngers 6 vorteilhaft ist,
um einen fehlerlosen Betrieb des Saugventils 1 zu
gewdhrleisten. Das erfindungsgemdsse Ansteuerverfahren
5 der Magnetspule 9 mit einer Modulationsvorrichtung 8a zur

Entmagnetisierung weist zudem den Vorteil auf, dass die
Entmagnetisierung in sehr kurzer Zeit durchfihrbar ist,
was sehr schnelle Schaltzeiten des Saugventils 1
ermdglicht. Das Saugventil 1 ist insbesondere derart

10 ansteuerbar, dass wahrend einer vorgebbare Anzahl von
Umdrehungen, z.B. eines Kompressors, das Ventil 1 offen
gehalten werden kann und dass das Ventil (1) wahrend
einer weiteren, beliebig wahlbaren Anzahl von Umdrehungen
im selbsttétigen, sich 6ffnenden und schliessenden

15 Arbeitsmodus betrieben werden kann. Somit ist es mdglich,
die gefdrderte Menge des Saugventils 1 stufenlos zu
regeln.

Fig. 5 zeigt ein weiterer schematischer Ablauf von einem
Ansteuerverfahren sowie die Stellung des Ventils 1. Auf
20 der horizontalen Achse ist der Zeitverlauf t
beziehungsweise der zum Zeitverlauf Aquivalente
Drehwinkel ® eines Kolbenkompressors dargestellt. Mit dem
Drehwinkelsensor 10 wird das Drehwinkelsignal gemessen.
Das Betriebsverhalten des Saugventils 1 in Verbindung mit
25 einem Kolbenkompressor ist bekannt. Insbesondere ist
bekannt, dass nach einem bezfiglich dem Drehwinkelsignal
festen Drehwinkel A das Ventil vollstdndig gedffnet ist
und die Ventilplatte 3 am Ventilfdnger 6 anliegt. Die
Magnetspule 9 wird durch die Ansteuervorrichtung 8 erst
30 dann in einer ersten Ansteuerphase 1la mit einem
Magnetstrom I aktiviert, wenn das Ventil 1 vollstandig

i e — e

—— e _ ggd;tne;_;st und die Ventllplgpte—anam Ventllfanger 6 . -

anliegt. Dadurch kann die Ventilplatte 3 sehr zuverldssig
_und mit einer relativ geringer magnetischen Kraft
35 gehalten werden. Wihrend einem selbsttatigen Betrieb
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eines Kolbenkompressors liegt eine Ventilplatte 3 wahrerd
einem Drehwinkel von beispielsweise 120 Grad am
Ventilfanger 6 an. Nach einem Drehwinkelsignal wird die
Magnetspule 9 durch die Ansteuervorrichtung 8 erst dann
in einer zweiten Ansteuerphase 11b mit einem abklingenden
Wechselstrom beschickt, wenn sichergestellt ist, dass die
gesamte zweite Ansteuerphase 11lb in einem
Drehwinkelbereich stattfindet, in welchem die
Ventilplatte 3 bei selbsttdtigem Betrieb am Ventilfénger
6 anliegen wirde. Dadurch wird die Ventilplatte 3 wdhrend
der zweiten Ansteuerphase b nicht vorzeitig vom
Einflussbereich der Magnetspule 9 getrennt und die
Ventilplatte 3 kann vollstandig entmagnetisiert werden.

Das Saugventil 1 gemdss Fig. 1 kann mit oder ohne
Dampferplatte 4 ausgestaltet sein. Das Ansteuerverfahren
gemdss Fig. 5 wurde fir ein Saugventil 1 ohne
Dampferplatte 4 beschrieben. Sollte das Saugventil 1
jedoch auch eine Dampferplatte 4 aufweisen, so ist im
Ansteuerverfahren gemiss Fig. 5 die Dampferplatte 4
zwischen der Ventilplatte 3 und dem Ventilfanger 6
angeordnet, sodass bei vollstandig gedSffnetem Ventil 1
die Démpferplatte 4 am Ventilfénger & anliegt, und die
Ventilplatte 3 an der Dampferplatte 4 anliegt. Ansonst
andert sich nichts am Ansteuerverfahren.

Fig. 3b zeigt einen weiteren Querschnitt durch einen als
Ringkérpermagnetjoch 6c ausgebildeten Ringkdrper 6a. In
diesem dargestellten Ausfihrungsbeispiel weist das
Saugventil eine Dampferplatte 4 auf, wobei die
Dampferplatte, wie in Fig. 1 dargestellt, aus einer
Mehrzahl von miteinander verbundenen Ringkdrpern 4a

- besteht..- Dexr-Ringkdrper. 4a ist gemass dem

ausfihrungsbeispiel 3b derart ausgestaltet, dass dle dem

..Ringkérpermagnetjoch 6c zugewandte Seite u-férmig e e s

ausgestaltet ist. Diese Ausgestaltung bewirkt, dass der



Fig. 4 a control diagramfor a suction valve of the pl ate-type of

constructi on; Fig. 5 a control diagramfor a further nethod of
controlling a suction valve of the plate-type of construction;

Fig. 6 a further enbodiment of a suction valve with a valve pl ate
consi sting of WQA"#*¥Bity of ring-shaped val ve pl at ePﬁﬁmﬁW“q:l g.

1.shows in an expl oded drawi ng a suction vat\ve -1 conprising a valve seat 2
which is also terned a val ve seat

magnetische Fluss vermehrt Uber die Ventilplatte 3
fliesst, womit die Ventilplatte 3 besser durch die
Magnetspule 9 angezogen werden kann.

Fig. 3c zeigt ein weiteres Ausfihrungsbeispiel eines
5 Saugventils 1 mit Dimpferplatte 4. Um den magnetischen

Fluss zwischen dem Ringkdrpermagnetjoch é6c und der
Ventilplatte 3 zu verbessern, weist der Ringkdrper 4a der
Dampferplatte 4 einen Spalt 4c auf, unter Ausbildung von
zwel Ringkdrperteilen 4b, wie dies in Fig. 1 dargestellt

10 ist. Der Spalt 4c verlauft vorteilhafterweise
konzentrisch zur Zentralschraube 7.

Fig. 34 zeigt einen weiteren Querschnitt durch einen

Ringkorper 6a, wobei das Ringkorpermagnetjoch 6c V-férmig

verlaufend ausgestaltet ist, sodass die ganze Magnetspule
15 9 in einer isclierenden Abdeckschicht %9a eingebettet ist.

Zum Betrieb des Saugventils 1 ist zumindest eine einzige
im Ventilfanger 6 angeordnete Magnetspule 9 erforderlich.
Vorteilhafterweise werden eine Mehrzahl von in den
konzentrisch verlaufenden Ringkdérpern 6a angeordneten
20 Magnetspulen 9 verwendet, um eine grdssere Kraft auf die
Ventilplatte 3 zu bewirken. Diese Magnetspulen 9 kénnen
von der Ansteuervorrichtung 8 derart angesteuert sein,
dass alle Magnetspulen ein gleichpoliges laufendes
Magnetfeld erzeugen oder auch dass benachbart liegende
25 Magnetspulen ein gegenpoliges Magnetfeld erzeugen. Die
erfindungsgemdsse Vorrichtung zum Betdtigen einer
Ventilplatte 3 eines Saugventils der Plattenbauart 1
umfasst zumindest einen Ventilfinger 6 sowie eine
. elektronische Ansteuervorrichtung 8. Diese Vorrichtung
= --=..30. kann zusammen_ mlt elnem Vent;lsztz 2, einer Ventllplatte oo
3, sowie Federelementen 5 zu einem Saugventil 1
zusammengestellt werden. Dabe1 elgnet sich die. _ ,
erfindungsgemasse Vorrichtung auch fir bereits bestehende



plate, a valve plate 3, a danper plate 4 and a catcher 6. These parts are

hel d_t agether Ry s—ComrpR—cont-+a—serew——Fthre—danrper pl at e—4—has openi ngs

4d for the passage of a spring 5 which is arranged to act between the
catcher 6 and the valve plate. The suction valve 1 can al so be operated
with, or alsowevisess, a danper plate 4. The val ve catcher GPCTACH$/00340
plurality of ring bodies 6a which are all connected together. Each ring
body 6a has a groove 6b extending in the circunferential direction, with

el ectri cal condugtoggebglgﬁbarrqgg?selln hg?ﬁggggﬁgegb éggb 3&19 a

magnet coil 9. 0SS-sectl on 6a with
the ring groove emzurbstémt Dhbe$|VEF¢KﬁﬁF'@@S&G@Bpéetﬂén§¥%&ﬂ?9ﬁr yoke 6¢

of a ring body nagpeh- dénr@ﬂnﬁigcqId&gés@u@@aedenmwangwg giieove and
formse an electro

Fig.- 3a has a CO&%BHF5§B? gtgfﬁOd%#ﬁé"¥£5? dan P@%é%ﬂ§Q? IaﬁPéhOf

5 Ansteuervorrlchtung 8 verbunden Somlt kann ein
bestehendes Saugventil 1 auf eine einfache undé
kostengiinstige Weise umgebaut werden. Die
erfindungsgeméisse Vorrichtung und die Saugventile 1
finden insbesondere bei Kolbenkompressoren Verwendungen.

10 Die erfindungsgemdsse Vorrichtung erlaubt, die
Fordermenge jedes einzelnen Verdichtungsraumes des
Kolbenkompressors unabhdngig von den anderen
Verdichtungsridumen und stufenlos zu verdndern und zu
regeln.

15 Fig. 6 zeigt ein weiteres Ausfihrungsbeispiel eines
Saugventils 1 umfassend einen Ventilsitz 2 und eine
Ventilplatte 3, welche Ventilplatte 3 aus einer Mehrzahl
einzelner, konzentrisch angeordneter, ringférmig
ausgebildeter Ventilplattenteile 3a,3b besteht, sowie

20 einen Fanger 6 mit in den Ringkdrpern 6a des Fangers 6
angeordneten Magnetspulen 9. Die Federn 5, welche die
Ventilplattenteile 3a,3b in der Ruhelage gegen den
Ventilsitz 2 driicken sind nicht dargestellt. Beim
betitigen der Magnetspulen 9 wird der jeweils unter der

25 Spule 9 angeordnete Ventilplattenteil 3a,3b,3c vom
dariberliegenden, u-formig ausgebildeten Ringkdrper 6a
angezogen. Die Magnetspulen 9 sind gemeinsam ansteuerbar,
sodass alle Ventilplattenteile 3a,3b,3c gleichwirkend
betreibbar sind. Die Magnetspulen 9 sind auch derart

30 ansteuerbar, dass die einen Ventilplattenteile 3a,3Db, 3c,
zum Beispiel die Ventilplattenteile 3a,3b durch das

—. ===... Betdtigen der-Magnetspule -9 -am-Ventilfinger. 6-‘gehalten ----- =--- "

sind, wihrend der Ventilplattenteil 3c normal beweglich
. 6ffnet und schliesst;~da die tber dem Ventilplattenteil -~ - = -
35 3c angeordnete Magnetspule 9 nicht aktiviert ist.



hernmetically seals off the inner space occupied by the

-4- magnet coil relative to the outside, in order to protect the
magnet coil 9 from contam nation or noxious gases. the nagnet coil 9 is
controlled by a control device 8, so that a

WO 97/13063 PCT/CH96/00340
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Die Ventilplattenteile 3a,3b,3c sind aus. einem
ferromagnetischen Metall wie Eisen oder aus einem
ferromagnetischen Kunststoff oder aus einem ein

ferromagnetisches Metall enthaltenden Kunststoff
5 gefertigt.



magnetic field is formed and the valve plate 3 is attracted by this
magnetic field The valve plate—3—foris—the—arrature- of t he—eleetremagnet.
Fig. 2 shows the control device 8 which has a nodul ati on device 8a, with
the control device being connected via electrical lines 8b to an angle of
rotation sensg(,og.;}fimgd;:a further electrical lines 8b to the npgpeiisdigesde Or
magnet coil s nFig. 4 there is shown gischematic course of the
measur enent signals processed by the control device 8 and of the control
signals that are generated. Tine t or the angle of rotation [err] of the
pi ston conpressor are shown on the horizontal axis. In the uppernost
diagram the position of the valve is shown in the two operating states

open and Patentanspruche

1. Verfahren zur stufenlosen Fordermengenregulierung
eines Saugventils (1) der Plattenbauart, mit einer
=3 Ventilplatte (3), die von einem in einem Ventilfanger
(6) angeordneten Elektromagneten (9) betatigt wird,
wobei der Elektromagnet (9) derart angesteuert wirg,
dass in einer ersten Ansteuerphase (lla) die
Ventilplatte (3) fest am Ventilfanger (6) oder an
10 einer zwischen dem Ventilfanger (6) und der
Ventilplatte (3) angeordneten Dampferplatte (4}
anliegt und blockiert wird, und dass in einer zweiten
Ansteuerphase (11b) das Elekromagnet (3) mit einem
abklingenden Wechselstrom angesteuert wird, um die
15 Ventilplatte (3) zumindest teilweise zu
entmagnetisieren, sodass die Ventilplatte (3) gelést
wird .

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet,
dass der Elektromagnet (9) aktiviert wird, wahrend
20 sich die Ventilplatte (3) in einem gedOffneten Zustand
befindet.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet,
dass der Elektromagnet{9) nur dann aktiviert oder
deaktiviert wird, wenn die Ventilplatte (3) alleine

25 oder zusammen mit einer Dampferplatte (4) am
Ventilfanger (6} anliegt.

4. Verfahren nach einem der Anspriche 1 bis 3, dadurch
gekennzeichnet, dass der Elektromagnet {2} derart-
angesteuvert wird, dass die Ventilplatte (3) Gber eine
30° vorgebbare Anzahl Zyklen eines Kompressors gedffnet - .- -
bleibt, und tber eine vorgebbare Anzahl Zyklen ohne

W



closed, in the mddle diagramthere is shown an angle of rotation signal
fromthe angle of rotation sensor, and in the | ower diagramthere is shown
the magnet current | transmitted by the control device 8 to the magnet
coil. A magnetisation current is applied to the coil 9 in respon a
signal of the WME3¥E rotation transducer 10 and causes the%gzgf BPfte 3
to be attracted by the val ve catcher 6, so-t kdt-the valve is open. During
this, the control device 8 executes a first control phase 1la which brings

about a magnetisati On_EQBwEQﬁuH§| 465 Cel SheforgnéBens st | Prevalufenll can now
be held open over a tine geglo wh%ch can be selected as desired. The
signal of the angl e oPerSEEPEBN¥LERAsor 10 is again preferably used for the

closing of the suction valve 1, with the control device 8 introducing after

this signal a second qRReLAleRNASEN 1dtha ddie nabpetenavdneis 4,1 adh@tna
decaying alternating current | . . .
gekennzeichnet, dass die Ventilplatte (3) aus einer

5 Mehrzahl konzentrisch angeordneter Ventilplattenteile
{3a,3b) besteht, welche durch die Elektromagnete (9)
einzeln oder gemeinsam angesteuer werden.

6. Vorrichtung zum Betdtigen einer Ventilplatte (3)

eines Saugventils (1) der Plattenbauart mit einem

10 Verfahren nach einem der Anspriche 1 bis 5, bestehend
aus einem Ventilfinger (6) sowie einer elektronischen
Ansteuervorrichtung (8), wobei der Ventilfdnger (6)
aus einem Ringkdrper (6a) gebildet ist, welcher eine
in Umfangsrichtung verlaufende Ringnut (6b) sowie

15 eine in der Ringnut (6b) angeordnete Magnetspule {9)
aufweisen, sodass der Ringkdrper (6a) ein
Ringkdrpermagnetjoch (6c) eines Elektromagneten
ausbildet, und wobei die Magnetspule (9) mit der
Ansteuervorrichtung (8) verbunden ist, um die den

20 Anker des Elektromagneten bildende Ventilplatte (3)
anzuziehen.

7. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet,
dass die elektronischen Ansteuervorrichtung (8)
zumindest eine einen abklingenden Wechselstrom

25 erzeugende Modulationsvorrichtung (8a} aufweist,
welcher Wechselstrom an die Magnetspule (9) anlegbar
ist, um das Ringkorpermagnetjoch (6c) und/oder die
als Anker dienende Ventilplatte (3} zu
entmagnetisieren.

é oder 7, dadﬁfch'

.. gekennzeichnet, dass, der Ventilféanger {6} eine

30 8. Vorrichtung nach Ahspfuch

- e

Mehrzahl konzentrisch angeérdneter RingkoOrper (Géi

L



- 5- ~ Which is supplied to the magnet coil 9 is produced by nmeans of a
et ' ve pl ate-3 andforthe
val ve catcher 6. Through the demagneti sation any form of hol ding force
between the valve plate 3 and the valve catcher 6 is prevented. In
particular, wo913068 PCT/CH96/00340

- 13 -

mit Magnetspulen (9) aufweist, und dass die
Magnetspulen (9} von der Amsteuervorrichtung (8)
gleichpolig oder gegenpolig ansteuerbar sind.

9. Saugventil der Plattenbauart (1) umfassend einen
- 5 Ventilsitz (2), eine Ventilplatte (3) mit
Ventilfedern (5) sowie eine Vorrichtung gemiss eine
dexr Anspriiche 6 bis 8, wobei die Ventilplatte (3) und
der Ventilsitz {2) direkt aufeinanderlegbar sind.

10. Saugventil der Plattenbauart (1) nach Anspruch 3,
10 dadurch gekennzeichnet, dass zwischen der
Ventilplatte (3) und dem Ventilfdnger (6) eine
Dampferplatte (4) angeordnet ist.

11. Saugventil der Plattenbauart (1) nach Anspruch 9 oder
10, dadurch gekennzeichnet, dass die Dampferplatte
15 (4) eine Mehrzahl konzentrisch verlaufender
Ringkdrper (4a) aufweist, welche alle miteinander
verbunden sind und welche auf der dem Ventilfanger
(6) zugewandten Seite u-formig ausgestaltet sind.

12. Saugventil der Plattenbauart (1) nach Anspruch 9 oder
20 ‘10, dadurch gekennzeichnet, dass die Dampferplatte
(4) eine Mehrzahl konzentrisch verlaufender
Ringkérper (4a) aufweist welche alle miteinander
verbunden sind, wobei mindestens ein Ringkodrper (4a)
aus zwel durch einen, vorzugsweise konzentrisch
25 verlaufenden, Spalt (4c} getrennte Ringkdrperteile
(4b) besteht.

13. Saugventil der Plattenbauart (1) nach einem der
o ee- o - -AmSpriche-9-bis-12, dadurch gekennzeichnet, -dass der .
Ventilsitz (2}, die Ventilplatte (3) und der
- 30 -  Ventilfanger {6) aus rostfreiem Stahl bestehen, -

* £ L " S *



sticking together of the two parts as a result of residual magnetic forces
is prevented. On closing of the suction valve 1, the valve plate 3 is
pressed agai nst the valve seat 2. During this, the valve plate 3 cones
directly into contact on the valve seat 2, so that a direct contact exists
bet ween t he t wawonsri1aesi cal |y fornmed conponents. As the val ve PET4H86/003¢h s
previ ously denmagneti sed, there is no danger D4 1+ he valve plate 3 sticking
to the valve seat 2. The valve seat 2, the valve plate 3, and the val ve

catcher 6 customarily, consl Sledlfe 2:3kA BLaRS B €ladtiaBnbaidcnaanet | C

characteristics. No nignhée y insulating materials are arranged between

the val ve seat 2, theEyaenschaffien.3, and the val ve catcher 6, so that the
demagneti sation of the valve plate 3 and of the valve catcher 6 is

advant ageous in order .to_ensure §{aulf.-fr t (AN . Qf it cihkLpn val ve
1. The control rreflﬁodsg\“g‘f?\xét:flnv‘{eerft iﬁ&ﬁatft%?'b?ﬁgip?mlﬁetn%g& Igggé{\}ivi 1tllﬁga i
nodul ati on devi ce 8a RospriwcheldhiirfelilsatRoRrARsFe gpnetpedagsaftege

that the demaggeti satiygAcsBpdtce (3) aus einer Mehrzahl einzelner,
ringférmig ausgestalteter, konzentrisch verlaufend
angeordneter Ventilplattenteile (3a,3b) besteht.

15. Kolbenkompressor mit einer Vorrichtung geméss einem

der Anspriche 6 bis 14 oder betrieben mit einem
10 Verfahren nach einem der Anspriche 1 bis 5.

A



carried out in a very short period of tinme, which enables very rapid
SW-ehi-Rg—i-ree—ef—he—steton—vrotvre—t—Fhe—soetion—val ve +—+s—n :
particular controllable in such way that during a predeterm ned nunber o
rotations, for exanple of a conpressor, the valve 1 can be kept open and

t hat the val vayd ofridoere operated during a further arbitraril pcrelssoadl e
nunber of rotations in an automatic opening and cl osi ng wor ki ng node. Thus,
it is possible to st essly regulate thetf#livery quantity of the suction

val ve 1. Fig. 5s W%;a further schemati urse 7a control nethod, and
al so the position of the valve 1. The ela | t,
”
f
! -t
=0

24 = =




or the angle of rotation [err] of a piston conpressor which is equival ent

t ARt ' S | e -ef—otat+oen—st+gnal
is measured with the angle of rotation sensor 10. The operating behavi our
of the suction valve 1 in conjunction with a piston conpressor is known. In
particular it yWookizesy that after a fixed angle of rotati on pemecHosroodsat i ve
to the angle of rotation signal the val vgl' s conpletely open and the val ve
plate 3 contacts the val ve catcher 6. ﬁh gnet coil 9 is then first
activated by the

Fig2 g \ 8b

i i wg

-—ba Fig.3b




control device 8 with a magnet current | in a first control phase 1la, when
t he—valve-d—i-s—lyropen—anrd—the—val-ve—prate—3—contacts—the—valve--cat cher
6. In this way, the valve plate 3 can be very reliably held with a
relatively | ow magnetic force. During an automati c operation of a piston
conpressor, awebwseg ate 3 contacts the val ve catcher 6 durkCERCE6/0033g| ¢ oOf
rotation of for exanple 120 degrees. After an angle of rotation signal a
decaying alternating current is then supplied to the magnet coil 9 by the
control device 8 in a second control phase&/f41lb, where it is ensured that
the total second control phase 11b wl| take place in a range of anglular
rotation in which the valve plate 3 would contact the val ve catcher 6
during automatic operation. In this mggignglvalve plate plate 3 is not
prematurely separated fromthe range of uence of the magnet coil 9
duri-ng the second control phase 11b and the valve plate 3 can be fully
demagneti sed.

-
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The suctlon valve 1 of Fig. 1 can be eqU|pped with or wthout a danper

pla . ot he = val ve 1
wi t hout a danper plate 4. Should the suctlon valve 1, homever al so have a
danper plate 4, then in the control

_ met hod of Fig. 5 the danper plate 4 is
arranged bet offigesval ve plate 3 and the val ve catcher 6, matdvaioondt h

the fully open valve 1, the danper plate 4 contacts the valve catcher 6 and
the valve plate 3 -7-
4/4

N
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o
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contacts st he danper plate 4. O herw se nothing changes with respect to the
cont'rol et hod. Fig. 3b shows a further cross-section through a ring body
6a formed as a yoke 6¢ of a ring body magnet. In this illustrated

enbodi ment the suction valve has a danper plate 4, with t Be6d83¢/&f/Rate 4
consisting of a plurality of ring bodies 4 which are connected together as
shown in Fig. 1. The ring body 4a is designed in accordance wth the

enbodi ment 3b in such a way that the side facing the yoke 6¢c of the ring
body nmagnet is of U shape. This design causes the magnetic flux to
increasingly flow via the valve plate

Maschinenfabrik Sulzer-Burckhardt AG, Basel {(Switzerland)

Method and apparatus for a suction valve of the plate-type
of construction

The invention relates to a method of operating a suction
valve of the plate-type of construction in accordance with
) the features of claim 1. The invention relates to an .
apparatus for carrying out the method in accordance with the
features of claim 6. '

An electromagnetically controlled suction valve of the

plate-type of construction is known from the patent

specification DE-679 714. There, the valve plate serves as
. an armature of an electromagnet, so that the position of the
valve plate can be determined by a control of the magnet
coil. This known suction valve has the disadvantage that the
valve plate has the tendency to stick to the magnetic yoke
of the electromagnet which does not permit any reliable, and
in particular rapid operation of the suction valve.

Furthermore, it is necessary to arrange a magnetic
insulation relative to the valve seat, in order to prevent
the valve plate serving as an armature sticking at the valve
seat. This magnetic insulation has the disadvantage that the
application is costly and that the blows brought about by
the valve plate bring about substantial wear of the magnetic
insulation which greatly shortens the servicing interval for
the suction valve.

It is the object of the present invention to propose a more
economical suction valve which is better controllable.

This object is satisfied by a method in accordance with the
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3, whereby the valve plate 3 can be better attracted by the nmagnet coil 9.
Firg.* 3c shows a further enbodi nent of a suction valve 1 with danper plate
4. In order to inprove the magnetic flux between the yoke 6¢ of the ring
body magnet and the valve plate 3, the ring body 4a of the danper plate 4
has a gap 4c while formng two ring body_parts 4b as illustrated in Fig. 1.
The gap 4c advant ageously extends concentrically to the central screw 7.
Fig. 3d shows a further cross-section through a ring body 6a with the yoke
6¢c of the ring body nagnet being of V-shaped design, so that the whole
magnet coil 9 is enbedded in an insulating cover |ayer 9a.

features of claim 1. The dependent claims 2 to 5 relate to
further advantageous developments of the method. The object
is further satisfied by an apparatus in accordance with the
features of claim 6. The dependent claims 7 to 14 relate to
further advantageous developments of the apparatus of the
invention.

This object is in particular satisfied with a method such
that the valve plate is held by an electromagnet arranged in

) the catcher, and such that the electromagnet is controlleéd
with a decaying alternating current for the release of the
valve plate, in order to at least partly demagnetise the
valve plate, so that the valve plate is reliably released
from the valve catcher and does not stick to the valve seat.
The apparatus of the invention has a valve catcher with a
magnet coil, and also a control device in order to control
the magnet coil, and in particular to supply it with a
decaying alternating current.

The inveéntion will be described in detail with reference to
embodiments. There are shown:

Eig: 1 an exploded dréwing of a suction valve with the
plate-type of construction;

Fig. 2 an electronic control device;

Fig. 3a a cross-section through a ring body of the valve
catcher;

Fig. 3b a further cross-section through a ring body of a
valve catcher with a damper plate and a valve plate;

Fig. 3c a further cross-section through a ring body of a

valve catcher with a damper-plate and a valve plate;




For the operation of the suction valve 1, at |east a single magnet coil 9
arranged’'in the valve catcher 6 is necessary. A plurality of magnet coils 9
arranged in the concentrically extending ring bodies 6a is advant ageously
used in order to bring about a greater force on the valve plate 3. These
magnet coils 9 can be controlled by the.cpntrol device 8 in such a way that
all the magnet coils generate a nmagnetic

Fig. 34 a cross—-section through a further embodiment of a
ring body of a valve catcher;

Fig. 4 a control diagram for a suction valve of the
plate-type of construction;

Fig. 5 a control diagram for a further method of
controlling a suction valve of the plate~type of
construction;

Fig. 6 a further embodiment of a suction valve with a valve
plate consisting of a plurality of ring-shaped valve
plate parts.

Fig. 1 shows in an exploded drawing a suction valve 1
comprising a valve seat 2 which is also termed a valve seat
plate, a valve plate 3, a damper plate 4 and a Eatcher 6.
These parts are held together by a common central screw 7.
The damper plate 4 has openings 4d for the passage of a
spring 5 which is arranged to act between the catcher 6 and
éé? the valve plate. The suction valve 1 can also be operated
with, or also without, a damper plate 4. The valve catcher 6
has a plurality of ring bodies 6a which are all connected
together. Each ring body 6a has a groove 6b extending in the
circumferential direction, with electrical conductors being
arranged in the ring groove 6b and forming a magnet coil 9.

Fig. 3a shows a cross-section through a ring body 6a with
the ring groove 6b, so that the ring body 6a adopts the
shape of a yoke 6c of a ring body magnet. A magnet coil 9 is
arranged in the ring groove and forms an electromagnet. The
ring body 6a in accordance with embodiment of Fig. 3a has a
cover layer 9a at the side facing the valve plate 3 which

hermetically seals off the inner space occupied by the




f|eId extendlng with the sane polarity, or also in such a way that

adj acently di sposed nmagnet coils generate a magnetic field of opposite
polarity. The apparatus of the invention for the actuation of a valve plate
3 of the 'suction valve of the plate-type of construction 1 includes at

| east one val ve catcher 6, and al so an-eBectronic control device 8. This
apparatus can be assenbled together with a valve seat 2, a valve plate 3
and al so spring elenments 5 into a suction valve 1. In this respect, the
apparatus of the invention is also suitable for already existing suction
valves in order to convert these into a controllable suction valve 1. In

Lhi s respect  Lhe existiog.valve chenglediat S etk Nrdedore eboher
magnet coil 9 from contamination or noxious gases. the
magnet coil 9 is controlled by a control device 8, so that a
magnetic field is formed and the valve plate 3 is attracted
by this magnetic field. The valve plate 3 forms the armature
of the electromagnet.

Fig. 2 shows the control device 8 which has a modulation
device 8a, with the control device being connected via

) electrical lines 8b to an angle of rotation sensor and via
further electrical lines 8b to the magnet coil or magnet
coils 9. '

In Fig. 4 there is shown a schematic course of the
measurement signals processed by the control device 8 and of
the control signals that are generated. Time t or the angle
of rotation wof the piston compressor are shown on the
horizontal axis. In the uppefmost diagram, the position of
the valve is shown in the two operating states open and
closed, in the middle diagram there is shown an angle of
rotation signal from the angle of rotation sensor, and in
the lower diagram there is shown the magnet current I
transmitted by the control device 8 to the magnet coil. A
magnetisation current is applied to the coil 9 in response

+

to a signal of the angle of rotation transducer 10 and
causes the valve plate 3 to be attracted by the valve
catcher 6, so that the valve is open. During this, the
control device 8 executes a first control phase lla which
brings about a magnetisation of the valve catcher 6. The

suction valve 1 can now be held open over a time period
which can be selected as desired. The signal of the angle of
rotation sensor 10 is again preferably used for the closing
of the suction valve 1, with the control device 8
introducing after this signal a second control phase 11b of
the electromagnet 9 in that a decaying alternating current




in Fig. .1 and the nagnet coils connected to the control device 8. Thus, an
existing suction valve 1 can be nodified in a sinple and cost favourable
manner. The apparatus of the invention and the suction valves 1 find uses,
in particular with piston conpressors. The apparatus of the invention nmakes
it possible to steplessly change and regubate the delivery quantity of each
I ndi vi dual conpressor space of a piston conpressor independently of the

ot her conpressi on spaces. Fig. 6 shows a further enbodi nent of a suction
valve 1 conprising a valve seat 2 and a valve plate 3, with the valve plate
3 consisting of a plurality of individual concentrically disposed ring-like
val ve plate

pa t 3a,..3 & cat cher h, i et coils 9 arranged
in the ri ng"B5ay bsa (ﬁpl:fbih efgeﬁ 6“agfrl’“fét s‘b?f‘ngé §>§’ R ve
pl ate partef3a, MQduiﬁﬂnﬁn dduiqaﬂaﬁesﬁnuoﬁﬁen tbedemagnetlse the valve
' plate 3 and/or the valve catcher 6. Through the |
demagnetisation any form of holding force between the valve
plate 3 and the valve catcher 6 is prevented. In particular,
sticking together of the two parts as a result of residual
magnetic forces is prevented. On closing of the suction
valve 1, the valve plate 3 is pressed against the valve seat
2. During this, the valve plate 3 comes directly into
) contact on the valve seat 2, so that a direct contact exists

between the two metallically formed components. As the valve
plate 3 was previously demagnetised, there is no danger of
the valve plate 3 sticking to the valve seat 2. The valve
seat 2, the valve plate 3, and the valve catcher 6
customarily consist of a stainless steel with hard magnetic
characteristics. No magnetically insulating materials are
arranged between the valve seat 2, the valve plate 3, and
the valve catcher 6, so that the demagnetisation of the
valve plate 3 and of the valve catcher 6 is advantageous in
order to ensure fault-free operation of the suction valve 1.
The control method of the invention for the magnet coil 9

. with a modulation device 8a for. the demagnetisation has,

%é@ moreover, the advantage that the demagnetisation can be
carried out in a very short period of time, which enables
very rapid switching times of the suction valve 1. The
suction valve 1 is in particular controllable in such way
that during a predetermined number of rotations, for example
of a compressor, the valve 1 can be kept open and that the
valve 1 can be operated during a further arbitrarily
selectable number of rotations in an automatic opening and
closing working mode. Thus, it is possible to steplessly
regulate the delivery quantity of the suction valve 1.

Fig. 5 shows a further schematic course of a control method,

and also the position of the valve 1. The elaspsed time t,




rest position, are not illustrated. On actuating the magnet coils 9, the
val've plate parts 3a, 3b, 3c respectively disposed beneath the coil 9 are
attracted by the U-shaped ring body 6a Iying above it. The magnet coils 9
are-jointly controllable (energisable), so that all valve plate parts

3a, 3b, 3c are operabl e reacting in the sane sense. The

or the angle of rotation w of a piston compressor which is
equivalent to the time, is shown on the horizontal axis. The
angle of rotation signal is measured with the angle of
rotation sensor 10. The operating behaviour of the suction
valve 1 in conjunction with a piston compressor is known. In
particular it is known that after a fixed angle of rotation
A relative to the angle of rotation signal the valve is
completely open and the valve plate 3 contacts the valve
catcher 6. The magnet coil 9 is then first activated by the
control device 8 with a magnet current I in a first control
phase 1la, when the valve 1 is fully open and the wvalve
plate 3 contacts the valve catcher 6. In this way, the valve
plate 3 can be very reliably held with a relatively low
magnetic force. During an automatic operation of a piston
compressor, a valve plate 3 contacts the valve catcher 6
during an angle of rotation of for example 120 degrees.
After an angle of rotation signal a decaying alternating
current is then supplied to the magnet coil 9 by the control
device 8 in a second control phase 1l1b, where it is ensured
that the total second control phase 11b will take place in a
range of anglular rotation in which the valve plate 3 would
contact the .valve catcher 6 during automatic operation. In
this way the valve plate plate 3 is not prematurely
separated from the range of influence of the magnet coil.9
during the second control phase 11b and the valve plate 3
can be fully dgmagnetised.

The suction valve 1 of Fig. 1 can be equipped with or
without a damper plate 4. The control method of Fig. 5 was
described for a suction valve 1 without a damper plate 4.
Should the suction valve 1, however, also have a damper
plate 4, then in the control method of Fig. 5 the damper
plate 4 is arranged between the valve plate 3 and the valve
catcher 6, so that with the fully open valve 1, the damper
plate 4 contacts the valve catcher 6 and the valve plate 3



magnet coils .9 are also controllable such that the one valve pl ate
parts 3a, 3b, 3c, for exanple the valve plate parts 3a, 3b are held
at the valve catcher 6 by the actuation of the magnet coil 9, while
the valve plate part 3c opens and closes with normal nobility,
since the magnet coil 9 arrangéd 7above the valve plate part 3c is
not acti vat ed. The valve plate parts 3a, 3b, 3c are manufactured
froma ferromagnetic material, such as iron, or of a ferromagnetic
plastic, or of a plastic containing a ferromagnetic netal .

contacts the damper plate 4. Otherwise nothing changes with
respect to the control method.

Fig. 3b shows a further cross-section through a ring body 6a
formed as a yoke 6c of a ring body magnet. In this
illustrated embodiment the suction valve has a damper plate
4, with the damper plate 4 consisting of a plurality of ring
bodies 4 which are connected together as shown in Fig. 1.
The ring body 4a is designed in accordance with the

) embodiment 3b in such a way that the.side facing the yoke. 6c
of the ring body magnet is of U-shape. This design causes
the magnetic flux to increasingly flow via the valve plate
3, whereby the valve plate 3 can be better attracted by the
magnet coil 9.

Fig. 3c shows a further embodiment of a suction valve 1 with
damper plate 4. In order to improve the magnetic flux
between the yoke 6c of the ring body magnet and the valve
plate 3, the ring body 4a of the damper plate 4 has a gap 4c
while forming two ring body parts 4b as illustrated in Fig.
1. The gap 4c advantageously extends concentrically to the
central screw 7.

Fig. 3d shows a further cross-section.through a ring body 6a
with the yoke 6c of the ring body magnet being of V-shaped
design, so that the whole magnet coil 9 is embedded in an
insulating cover layer 9a.

For the operation of the suction valve 1, at least a single
magnet coil 9 arranged in the valve catcher 6 is necessary.
A plurality of magnet coils 9 arranged in the concentrically
extending ring bodies 6a is advantageously used in order to
bring about a greater force on the valve plate 3. These
magnet coils 9 can be controlled by the control device 8 in
such a way that all the magnet coils generate a magnetic




field extending with the same polarity, or also in such a
way that adjacently disposed magnet coils generate a
magnetic field of opposite polarity. The apparatus of the
invention for the actuation of a valve plate 3 of the
suction valve of the plate-type of construction 1 includes
at least one valve catcher 6, and also an electronic control
device 8. This apparatus can be assembled together with a
valve seat 2, a valve plate 3 and also spring elements S
into a suction valve 1. In this respect, the apparatus of

} the invention is also suitable for already existing suction
valves in order to convert these into a controllable suction
valve 1. In this respect, the existing valve catcher 6 is
replaced by the valve catcher 6 with magnet coils 9 as shown
in Fig. 1 and the magnet coils connected to the control
device 8. Thus, an existing suction valve 1 can be modified
in a simple and cost favourable manner. The apparatus of the
invention and the suction valves 1 find uses, in particular
with piston compressors. The apparatus of the invention
makes it possible to steplessly change and regulate the
delivery quantity of each individual compressor space of a
piston compressor independently of the other compression
spaces.

Fig. 6 shows a further embodiment of a suction valve 1

t

comprising a valve seat 2 and a valve plate 3, with the
valve plate 3 consisting of a plurality of individual
concentricaily.disposed ring-like valve plate parts 3a, 3b
and also a catcher 6 with magnet coils 9 .arranged in the
ring body 6a of the catcher 6. The springs 5, which press
the valve plate parts 3a, 3b against the valve seat 2 in the
rest position, are not illustrated. On actuating the magnet
coils 9, the valve plate parts 3a, 3b, 3c respectively
disposed beneath the coil 9 are attracted by the U-shaped
ring body 6a lying above it. The magnet coils 9 are jointly
controllable (energisable), so that all valve plate parts
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batent Ct ai s 1. Method for the stepless regulation of the delivery of
suction valve (1) of the plate-type of construction,

3a, 3b, 3¢ are operable reacting in the same sense. The

magnet coils 9 are also controllable such that the one valve

plate parts 3a, 3b,

3a, 3b are held at
the magnet coil 9,
closes with normal
arranged above the

3c, for example the valve
the valve catcher 6 by the
while the valve plate part
mobility, since the magnet
valve plate part 3c is not

plate parts
actuation of
3¢ opens and
coil 9
activated.

The valve plate parts 3a, 3b, 3c are manufactured from a

} . ferromagnetic material, such as iron, or of a ferromagnetic

plastic, or of a plastic containing a ferromagnetic metal.




cbﬁﬁriéyng a.valve plate (3) which is actuated by an el ectromagnet (9)

arranged in a valve catcher (6), wherein the el ectromagnet (9) is so
controlled that in a first control phase (1la) the valve plate (3)
firmy * contacts the valve catcher (6), or a danper plate (4)

arranged between the valve catcher (6) and the val ve plate (3) and is
bl ocked, and in that in a second control phase (11b) the el ectronagnet
(9) is controlled by a decaying alternating current, in order to at

| east partly denmagnetise the valve plate (3), so that the val ve
plate (3) is rel eased. 2. Method in accordance with claim1,
characterised in that the el ectpppagpetiddpsi s activated when the val ve
pl at e (3) is located in an open state.

1. Method for the stepless regulation of the delivery of a
suction valve (1) of the plate-type of construction,
comprising a valve plate (3) which is actuated by an
electromagnet (9) arranged in a wvalve catcher (6),
wherein the electromagnet (9) is so controlled that in a
first control phase (1lla) the wvalve plate (3) firmly
contacts the valve catcher (6), or a damper plate (4)

j arranged between the valve catcher (6) and the valve
plate (3) and is blocked, and in that in a second
control phase (11b) the electromagnet (9) is controlled
by a decaying alternating current, in order to at least
partly demagnetise the valve plate (3), so that the
valve plate (3) is released.

2. Method in accordance with claim 1, characterised in that
the electromagnet (9) is activated when the valve plate
(3) is located in an open state. -

3. Method in accordance with claim 2, characterised in that

. the electromagnet (9) is only then activated or '
HQQQ - deactivated when the valve plate (3) contacts the valve
catcher (6) on its own or together with a damper plate

(4).

4. Method in accordance with one of the claims 1 to 3,
characterised in that the electromagnet (9) is so
controlled that the valve plate (3) remains open for a
predetermined number of cycles of a compressor and is
operated free-running over a predetermined number of
cycles without the action of the electromagnet (9).

5. Method in accordance with one of the claims 1 to 4,
characterised in that the valve plate (3) consists of a

e




3. Method in accordance with claim2, characterised in that t he

el éctromagnet (9) is only then activated or deacti vated when the val ve
plate (3) contacts the valve catcher (6) on its own or together with a
danper plate (4). 4. Method in accordance with one of the clains 1
to 3, characterised in that the el éctd dhagnet (9) is so controlled
that the valve plate (3) remains open for a predet er m ned nunber of
cycles of a conpressor and is operated free-running over a

pr edet er mi ned nunber of cycles without the action of the el ectromagnet
(9). 5. Method in accordance with one of the clains 1 to 4,

characteri sed b'iu&-garitvq%fv%]a\i%eplp%.taece( %J)arctoéqs(lfa{[,s ﬂg) aarranged
concentric to one another which are individually or
jointly controlled by the electromagnets (9).

6. Apparatus for the actuation of a valve plate (3) of a
suction valve (1) of the plate-type of construction
using a method in accordance with one of the claims 1 to
5, comprising a valve catcher (6), and also an
electronic control device (8), with the valve catcher

n> (6) being formed of a ring body (6a) which has a ring
groove (6b) extending in the circumferential direction,
and also a magnet coil (9) arranged in the ring groove
(6b), so that the ring body (6a) forms a yoke of a ring
body magnet (6c) of an electromagnet, and wherein the
magnet coil (9) is connected to the control device (8)
in order to attract the valve plate (3) forming the
armature of the electromagnet.

7. Apparatus in accordance with claim 6, characterised in
that the electronic control device (8) has at least one
modulation device (8a} which generates a decaying

- alternating current which can be applied to the magnet
Qﬁ@ coil (9) in order to demagnetise the yoke (6c) of the
ring body magnet and/or the valve plate (3) serving as

the armature.

8. Apparatus in accordance with claim 6 or claim 7,
characterised in that the valve catcher (6) has a
plurality of concentrically arranged ring bodies (éa)
with magnet coils (9), and in that the magnet coils (9)
can be controlled by the control device (8) to have the
same polarity or the opposite polarity.

9. Suction valve of the plate-type of construction (1)
comprising a valve seat (2}, a valve plate (3} with

| R
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. plurality of valve plate parts (3a, 3b) arranged

concentric to one another which are individually or jointly controlled

by the electr

10.

11.

12,

13.

14.

TR S NPT ERT , Ry St B A e YT AR A F A P

omagnets (9).

valve springs (5), and also an apparatus in accordance
with one of the claims 6 to 8, wherein the valve plate
(3) and the valve seat (2) are directly placeable on top
cof one another.

Suction valve of the plate-type of construction (1) in
accordance with claim 9, characterised in that a damper
plate (4) is arranged between the valve plate (3) and
the valve catcher (6).

Suction valve of the plate-type of construction (1) in
accordance with claim 9 or claim 10, characterised in
that the damper plate (4) has a plurality of
concentrically extending ring bodies (4a) which are all
connected together and which are of U-shape at the side
facing the valve catcher (6).

Suction valve of the plate-type of construction (1) in
accordance with claim 9 or claim 10, characterised in
that the damper plate (4) has a plurality of
concentrically extending ring bodies (4a) which are all
connected to one another, with at least one ring body
(4a) consisting of two ring body parts (4b) which are
separated by a preferably concentrically extending gap
(4c) .

Suction valve of the plate-type of construction (1) in
accordance with one of the claims 9 to 12, characterised
in that the valve seat (2), the valve plate (3), and the
valve catcher (6) consist of stainless steel, in
particular of steel with hard magnetic characteristics.

Suction valve of the plate-type of construction (1) in

accordance with one of the claims 9 to 13, characterised
in that the valve plate (3) consists of a plurality of

R
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6. Apﬁaratus.for the actuation of a valve plate (3) of a suction val ve

(1) of the plate-type of construction using a nethod in accordance with
one of the clainms 1 to 5, conprising a valve catcher (6), and al so an
el ectronic control device (8), with the valve catcher (6) being formed
of a ring body (6a) which has a ring - gr-oove (6b) extending in the
circunferential direction, and al so a magnet coil (9) arranged in the
ring groove (6b), so that the ring body (6a) forns a yoke of a ring
body nmagnet (6c¢) of an el ectromagnet, and wherein the magnet coil (9)
is connected to the control device (8) in order to attract the valve
plate (3) formng the armature of the el ectronmagnet. 7. Apparatus in

accordance wi t Anglixifuel cedivactrddtsedants (3ahatbk Heh EFlac2¥F8nPE contr ol
deV'Fe (8) hasr§5d4¥¥ﬁé‘§ﬁﬁpe, and which are arranged extending

concentrically to one another.

15. Piston compressor with an apparatus in accordance with.
one of the claims 6 to 14 are operated with a method in

accordance with one of the claims 1 to 5.




frodul &t i-on device (8a) which generates a decayi ng alternating current

whi'ch can be applied to the magnet coil (9) in order to demagnetise the
yoke (6c¢) of the ri ng body magnet and/or the valve plate (3) serving as
the arnmature. 8. Apparatus in accordance with claim6 or claim?7,
characterised in that the val ve catcher E6)» has a plurality of
concentrically arranged ring bodies (6a) with magnet coils (9), and in
that the magnet coils (9) can be controlled by the control device (8)
to have the sane polarity or the opposite polarity. 9. Suction valve
of the plate-type of construction (1) conprising a valve seat (2), a

val ve plate (3) with
Abstract of Disclosure

Method for the stepless regulation of the delivery of a
suction valve (1) of the plate-type of construction,
comprising a valve plate (3) which is actuated by an
electromagnet (9) arranged in a valve catcher (6), wherein
the electromagnet (9) is so controlled that, in a first
control phase (1l1a), the valve plate (3) firmly contacts the

R valve catcher (6), or a damper plate (4) arranged between

) the valve catcher (6) and the valve plate (3) and is
blocked, and that, in a second control phase (11b), the
electromagnet (9) is controlled by a decaying alternating

current, in order to demagnetise the valve plate (3), so

that the valve plate (3) is released.




~3- - o -val ve springs (5), and al so an apparatus in accordance
with one of the clains 6 to 8, wherein the valve plate (3) and the
val ve seat (2) are directly placeable on top of one anot her.

Fig.i 7
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10. Sticti on val ve of the plate-type of construction (1) in accordance
wi tth claim9, characterised in that a danper plate (4) is arranged
bet ween the val ve plate (3) and t he val ve catcher (6). 11. Suction
val ve of- the plate-type of construction (1) in accordance with claim?9
or claim 10, characterised in that the danper plate (4) has a plurality
of concentrically extending ringgbodies (4a) which are al
connected together and which are of shape at the side facing the
val ve catchj%‘gfg; 12. ction val of the plate-type 8b construction

ccC ]

(1) in ' pr claim 10, char3cterilsed { ’/,,9
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fhat the danper plate (4) has a plurality of
rimg bodies (4a) which are all connected to o

concentrically extendi ng
ne another, with at | east

one ring body (4a) consisting of two ring body parts (4b) which are.

separated by a preferably concentrically extendin
Suction valve of the plate-type of construction (
one of the clainms 9 to 12, characterised in th
val ve plate (3), and the val ve catcher (6) con
in particular of steel with hard nagnetic char
val ve of the plate-type of construction (1) in

g gap (4c). 13.

1) in accordance with
at the valve.seat (2), the
si st of stainless steel,
acteristics. 14. Suction
accordance with one of

the clains 9 to 13, characterised in that the valve plate (3) consists

of a plurality of lg;Jﬂ
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S4- . . individual valve plate parts (3a, 3b) which are of
ring-11ke shape, and which are arranged extendi ng concentrically to one

anot her .

Figb
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one &Fost ltepy
h—-one of the

: 15. Pi ston conpressor W th an apparatus
¢lains 6 to 14 are operated with g
clains 1 to 5.
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(57 Abstract

The invention concerns a method of continuously regulating the
delivery of a plate-like intake valve (1) comprising a valve plate (3) which
is actuated by an electromagnet (9) disposed in a valve caicher {(6), the
clectromagnet (9) being controlled in such a way that, in a first control phase
(11a), the valve plate (3) lies firmly and is blocked on the valve catcher (6) or
a damper plate (4) disposed between the valve catcher (6) and the valve plate
(3) and, in a second control phase (11b), the electromagnet (9) is controlled
by a decaying alternating cumrent in order to demagnetize the valve plate (3)
such that the latter is released.

(57) Zusammenfassung

Verfahren zur stufenlosen Fdrdermengenregulierung eines Saugventils
(1) der Plattenbauart, mit einer Ventilplatte (3), die von einem in einem
Ventilfinger (6) angeordneten Elektromagneten {9) bethtigt wird, wobei der
Elekromagnet (9) derart angesteuert wird, dass in einer ersten Ansteuerphase
(113} die Ventilplatte (3) fest am Ventilfinger (6) oder an einer zwischen
. |.dem Ventilfiioger (6) und der Ventilplatte (3) angeondneten Diimpferplatte (4 .
= [ #nitiégt und blockiert wird, ud dass in einer zweiten Ansteuerphasé (11b) das™
Elcktromagnet (9) mit einem abklingenden Wechselstrom angesteuernt wird,
. um die Ventilplarte (3) zu entmagnetisieren, sodass die Ventilplatte (3) gelost




