1 HYDRAULIC DIRECTIONAL SOLENOID VALVE AND DOOR CLOSER HAVING A HYDRAULIC
DIRECTIONAL SOLENOID VALVE Description 5 The invention relates to a hydraulic solenoid control
valve, in particular a hydraulic cartridge solenoid control valve, and a door closer including the
hydraulic solenoid control valve. 10In the state of the art, a differentiation is made between door

closers appy dpos dlivesd IR &S ONdQosERERfD thevdooy Faa e orr el DseyalyAyREeRsoN.

During the opening process enerégé iS stored eﬂ. ina closerﬁseﬁrin , and the door closer is capable to
close the door by using thé’@f% hé?g?.'@:gﬁt RNﬁé’th,Lt B ite'is an assembly which

automatically opens and closes the door by means of an 15 additional auxiliary energy, e.g. by a motor
or hydraulic means. In particular when considering the hydraulic circuits in door drives and door
closers, Q&rﬁﬁ&%iclﬂfferences can be found. In electro-mechanic door drives, a motor and a pump are
always provided, which apply the required hydraulic pressure. The respective pressure chambers are
thereby actively charged with hgdraulic(géeisure such that 20 the opening of the door is effected.

| (
Thus, in ﬂ%'éedtS{%(PHH%‘, trls2de Ae¥YeH ?aw&ewm&%@m%& IBHHECHIB AJRAEHI I Bump.
Contrary daereigetkepresguse mieimiers imadiaod ctnseinats el dingthansienaflibechkasigers and

by suctioning the hydraulic oil from other spaces of the door closer. Herein, the energy for the closer
spring an%ofgfq EP¥Essure generation is supplied into the door closer by 250pening the door.

Consequently, the force and moment characteristics as well as the occurring loads are mostly different
for a door clﬁ)tser and z? oor drive & is an. object underlyin thgfﬁfsent invention to provjde a hydraulic

soleRoid EbfoP PR WA SHIRIRHIRIHR BRALSRS: BRECRSE TR &'6R-even 30

under high pegssufefoorivledeet)grvanipeiasad delopaasismiauibgy, Byoopeesoserdueigitgethe
hydraulic solenoid control valve shall be proyided, which Tas a ver) slenda;tﬁtru(ﬁture ag?d which is
consequEhtiy Rl9oPABhfican BN Bn M ABd ttdor UG5 &8, ﬁ?@/”@oo?'} RHGRSHhiR being

manufacitupdiié law closis. thie door by using the stored energy. Contrary thereto, the door
drive is an assembly which automatically opens and closes the door by means of an

15 additional auxiliary energy, e.g. by a motor or hydraulic means. In particular when
considering the hydraulic circuits in door drives and door closers, significant
differences can be found. In electro-mechanic door drives, a motor and a pump are
always provided, which apply the required hydraulic pressure. The respective
pressure chambers are thereby actively charged with hydraulic pressure, such that

20 the opening of the door is effected. Thus, in the door drive, the pressure is generated
by the internal components, i.e. motor and pump. Contrary thereto, the pressure
chambers in a door closer are filled by expansion of the chambers and by suctioning

the hydraulic oil from other spaces of the door closer. Herein, the energy for the
closer spring and for the pressure generation is supplied into the door closer by

25 opening the door. Consequently, the force and moment characteristics as well as the

occurring loads are mostly different for a door closer and a door drive.

It is an object underlying the present invention to provide a hydraulic solenoid control
valve which is structured to be very compact and operates free of leakage oil even
30 under high pressures, while being manufactured at low costs. Further, a door closer
including the hydraulic solenoid control valve shall be provided, which has a very
slender structure and which is consequently also applicable as an integrated door

closer, e.g. in a door frame or a door, while being manufactured at low costs. In



2 addition, the door closer is configured to include a locking function and/or a freeswing-function.
This object is solved by the features of the indepengent claims. The dependent 5claims relate to
advantageous further developments of the inventiofi. Thus, the invention is solved by a hydraulic
solenoid control valve, in particular a hydraulic 3/2-solenoid control valve, comprising a valve housing,

a solenoigcrfigb Ve dpn o VAVBSHTRIIRA ipivearated ideking arstith hing/valyerehgmber 10

comprises a first valve seat bore as a connection to a first line, in particular a pressure line, a second
valve sea¥BRs™48@Bnnection to a second line, in particular an operating line, and a free aperture to
a third line, in particular a tank line. The aperture is referred to as "free", since it connects the valve
chamber to the third line in ana} switchin%position of the valve. The valve spindle is at least partially 15

arranged WithiRRIREUAR SANER B Sl I aHKERy ThdDEd BYRRENIREL SR G thEre 1 PSR indle

compriseglaypisire i eluewhiaapeasus flisheedlnarppfaeatismadhavéstivalve seat bore and a
second sealing surface facing the second valve seat bore, such that selectively the first valve seat

bore or the second valve seat bore can be closed. In addition, the valve spindle protrudes from the

valve charnber theugleAldheisersnedyalyeasrat Rakcasel dnsit ototieosernnd linegawiaiddhe

solenoid. Dye to_thegotrusion of the vaIvT spindle from the valve chamber, the V'?Flf\ég' pindle can be

connecte R AU GS St SISO £ BRI AN Fin PRI RG A tHBIYE BIoMTINGy &S0 il Jalve

seat boreyigvalosgithdiee aleehapigisienbarlikethiatrdbsdsprontiy dveisiagt boie kwe chamber
differential-area-ratio tf}ipugh he pressgre of the second ling, in Zigaﬁticu ar the operating line. This
t

arr&ﬂgen?@ﬁ?maﬁﬁir‘?g HrpMRiasde ?5%0%6?718%@3@5%&8 L d VAR b &e free of

leakage @itedbisdliffaentiakatendatialirinseattitides aghievedimhdviioa sealingdiunatainef the valve
spindle outside the valve chambﬁé%ils Ia@r{gﬁ;\gr trr}an a diameter of th«sﬁssclond 30valve seat bore. Q’he
sealing dRAHERAs YA 2Hs eBn e FREEWSIHAIQ AU thd SolEh SR ticular a tan

line. The aperture is referred to as “free”, since it connects the valve chamber to the
third line in any switching position of the valve. The valve spindle is at least partially
15 arranged within the valve chamber and is linearly moved by the solenoid. Further,
the valve spindle comprises, within the valve chamber, a first sealing surface facing
the first valve seat bore and a second sealing surface facing the second valve seat
bore, such that selectively the first valve seat bore or the second valve seat bore can
be closed. In addition, the valve spindle protrudes from the valve chamber through
20 the second valve seat bore and through the second line toward the solenoid. Due to
the protrusion of the valve spindle from the valve chamber, the valve spindle can be
connected to the solenoid or can be partially integrated into the solenoid. In case the
second valve seat bore is closed, the valve spindle is pulled into the second valve
seat bore by a differential-area-ratio through the pressure of the second line, in
25 particular the operating line. This arrangement including a differential area ratio

promotes a sealing of the second valve seat bore free of leakage oil.

This differential-area-ratio is in particular achieved in that a sealing diameter of the
valve spindle outside the valve chamber is larger than a diameter of the second
30 valve seat bore. The sealing diameter is defined at a seal between the valve spindle

and the solenoid.

Preferably, the differential-area-ratio is obtained by configuring the diameter of the

valve spindle outside the valve chamber to be larger than the bore diameter of the



3 second valve seat bore. Therewith, the pressure of the second line in front of the valve chamber can
support the force of the pressure spring, when the second valve seat bore is closed, and pull the
second sealing surface into the second valve seat bore. 5 In a further preferred embodiment, the valve
spindle consists of at least two parts. For this purpose, the valve spindle comprises a first part and a

second pagbomaelRdhediisbprst iFIEeiERHO B lipRardy reayRiie isdberpigwith anshthefserond part
is screwed into the first part. Consequently, the second part is fixedly connected to the 10 first part and

is linearly AGv AR TRFERBAVHIPROELIRG fiTeI QTRsi RIS SurS RVIBmMgRE e SREANEr¥alYatio, this

two-part kxst pbreeiyalvesginihe ip FRAsisly RPBéARTS SR Mttemiéhsdt oadticHlae theagealing
diameter can be configured to be larger than the bore diameter of the second valve seat bore. 15In
addition, l?H?preferably provided that a seal, in particular a groove ring seal, is arranged between the
valvg spindle and an armature space of the solenoid. Said seal is disposed at the already discussed
sealing diameter between the valve Sﬁ)_indle and the solenoid. Particularly preferred, the armature

space is ML RGPS RAED RMOHENARH KA., YRS GRIIHGHPRRIRSHY, e eBShANOREHShannel

20 extegldi?gtfg%mfﬁﬁ@,Vﬂiéa/am'r@oggir%lher@avﬁbrigag@sﬁmemﬂarﬁii@ribbmzllqma;@,the&@afe upon
a possi eakage of the groove ring seal is prevented. The conpection channel within the valve
Spindle eHETISTRAR ScCHARHLIR B e BBV AN e ARE ML ARY JBF, SCIUMRAEAS already

g\eSCfibT@d’@WM&Wﬁhﬁé?ﬁ@tip&’oﬂ(?tglﬁ@gbéﬂlqw&lfé%gbmlﬁ ﬁamr?éimﬁemPaﬁiﬂw@tequaﬁégne.|_25
S an alternative to t e ore-gescribe rauliC solenoia vaive, the |nventl0n comprises.a. rauliC
atiion s M S e e R el e Lt erc o e

a valve chamlifeistagiateddniaibanalvedpustiogandincbiguigeadpridelie sgaddiang aasyaponnection
to a first line, in 30 particular, pressurecéige, agéee at__ﬁertur to a second éi{rée, in particular an operating
line, and 3°SE0ANE vAINETERA hote REHRURRLE0RGE N ehiftAREISh FaRiARaFAOW e \ERher, this

hydraulics@¥rahagleneidoral diapeenpristtha selenaid/ane aaaiusospindle moved by said solenoid and
partially arranged in the valve chamber. The valve spindle comprises, within the valve chamber, a first
sealing surface facing the 4 first valve seat bore and a second sealing surface facing the second valve

sedtforansadbition, Selecphvelyrtisfifstovidiet] Serit korseal, the paautay advgreeabang csenbeclosed.
Further, the valve, spindle eﬁ&nds flrom thﬁ%alve chamber through the se%og]'d val}le seat g‘%ﬁ toward
the so|en%ﬁ5?@FrP§‘%}¥Y8ﬁ% BBy aRE S tha A AR Hr PR o 18R 57§ IR HGs 5dfided that
a connectieal ¢ thspibéredliaethe airaataidice spsee sédlingdiannteeXietsvaemihthealatyssindidlie or
inside the valvt%spinile s%ghéhai.a ;Pr ssure gene ati%n in the ?d{énature seace is, prevented. In
particulaP s BonARORS rEACH ) oRrIH G L AR SUALLE artRSSalde SPtANS, BFEY
manufactomgethed atyelspiniiel aing@, in particular the tank line, via a connection channel
20 extending through the valve spindle. Therewith, a pressure generation in the
armature space upon a possible leakage of the groove ring seal is prevented. The
connection channel within the valve spindle extends from the armature space
through the valve spindle into the valve chamber. As already described, the valve
chamber is always freely connected to the third line, in particular the tank line.
25
As an alternative to the afore-described hydraulic solenoid valve, the invention
comprises a hydraulic solenoid control valve, in particular a hydraulic 3/2-solenoid
control valve, comprising a valve housing, a valve chamber integrated into the valve
housing and including a first valve seat bore as a connection to a first line, in
30 particular a pressure line, a free aperture to a second line, in particular an operating
line, and a second valve seat bore as a connection to a third line, in particular a tank
line. Further, this hydraulic control solenoid valve comprises a solenoid and a valve
spindle moved by said solenoid and partially arranged in the valve chamber. The

valve spindle comprises, within the valve chamber, a first sealing surface facing the



polygon, in particular a square. In the following, advantageous embodiments of the two inventive
hydraulic solenoid valves are described: 15 In a pr%{erred embodiment, it is provided that the diameter
of the first valve seat bore is smaller than a diameter of the second valve seat bore. In a preferred
embodiment, a valve pressure spring is arranged between the first 20valve seat bore and the valve

spindle. Ify§h¢apdasddnelvingha Balesbadyeatvg yaaricingelersbernaloalod keasisore,
spring-loaded ball-cone-seat valve, In a further preferred embodiment, it is provided that the second

sealing sVl dNat SEIREIEYHE @ JHE!(RMMR U OTRLELBESPEANE ¥l 8P §cCaRePsized
state 25 efghedsolandibranddhasiie Bisharalingsniacrein RAEIGHRtheheamyex gdaed, seals the

first valve seat bore in an energized state of the solenoid. The preferably provided pressure spring
serves topREENaNE &5 BRERAGWAHEHEE SRBYSve spindle into the second valve seat bore in a

de-emergized state. 30Preferably, the first sealing surface comprises a convex surface, in particular a
ball. Further preferably, the second sealiplg‘ surface comprises a cone surfaci, in particular a cone ring
Y/

surface. B Ari¥&IR L RBRRASPRTBVI SRR ATSRNR UK N Tl IR SPIRAPIASUAV B oflb 1 RIQYIERy the

convex stiface eirihe RO RIVBiseaiNeOe EnClaRtstire thprenerstdassepaictXRlys Aleatzure in
the switching position under SH%e sure is ﬁective%{greveﬁted by the ball valve embodiment including

the conveXEsUANESROAIGP" IHSGe'il?ﬁoH YerSPABRICotHEN B @b SiREe SRS AENRIHPIR %R line. 5
Particulagynpagiiesregatie ifliee\seniemn dedpeutRidaiththikabsnelatreidiathe th irpobafitiginget into
the first valve seat pore. The filter prevents pollution of the ojl and.in particulgr a pollutjon of the two
valdd sedts h SHIRRE: BlelBfclPbiR OIS, e bR AIVEACHEIT TR, YARqSHIBHE RPoBposite to

the secopalyglye, sephocaldn asyetered embodiment, the solenoid comprises a coil, an armature, a
pole core as 10 well as a gap between the pole core and the armature. The pole core comprises a
borehole along the longitudinal axis of the valve spindle and therefore provides an accommodation

and a lingautigeliftsneanigl gy wakegspindembotitee preish abdy tilweirneniie saleavid valeemicbmprise
a control unit for theﬁjsolenoid By means of said control unit, the solenoid can be switched between

energize HUHESR e eRfi7Rgd:
15

In a preferred embodiment, it is provided that the diameter of the first valve seat bore

is smaller than a diameter of the second valve seat bore.

In a preferred embodiment, a valve pressure spring is arranged between the first
20 valve seat bore and the valve spindle. In the variant including a ball, the inventive

valve may therefore be referred to as a spring-loaded ball-cone-seat valve.

In a further preferred embodiment, it is provided that the second sealing surface, in
particular the cone surface, seals the second valve seat bore in a de-energized state

25 of the solenoid, and that the first sealing surface, in particular the convex surface,
seals the first valve seat bore in an energized state of the solenoid. The preferably
provided pressure spring serves to press the second sealing surface of the valve
spindle into the second valve seat bore in a de-energized state.

30 Preferably, the first sealing surface comprises a convex surface, in particular a ball.
Further preferably, the second sealing surface comprises a cone surface, in
particular a cone ring surface. By linearly displacing or moving the valve spindle, the
first valve seat bore is closed by the convex surface or the second valve seat bore is

closed by the cone surface, selectively. A seizure in the switching position under



15 Further, the invention comprises a hydraulic cartridge solenoid control valve, in particular a
hydraulic cartridge 3/-solenoid control valve, comprising one of the afore-described hydraulic solenoid
valves, wherein the housing is configured to be at I8ast partially inserted into a valve adapter. Said
valve adapter is located in a component 20 which integrally accommodates the cartridge 3/2-solenoid

control vl FUpsticuEBC RIS R EVERSH B yinke IBNRVIWAE RBJRIBSEHT ¢ribied AgCtHee ernd line, in

particular the operating line, are directed radially or vertically outwardly with respect to the longitudinal
axis of th%L\VE{’}{?@'spindle. In addition, O-ring seals are preferably arranged laterally of the outwardly
directed first and second lines on the surface of 25 the valve housing, such that these lines can be
connected pressure-tight by jnsertitﬁl%the cartridge_housing. Part_iculaardléﬁ preferred, the valve housing

comprises e m AR YR LR RIRTE TARY cRAAISES: thillistirdBs@a8isHiAG &t ﬂk@sé“r%g”@ﬁannels, a

plurgity ¢igaftialbrfifperdretammemiar itharfissidie andioe anrlualy ehsathaihudiseatiem shannels for
the second line may preferably lead to the v%e 30 chamber. Further, it is Freferred that the hydraulic

cartridge YoiBR ARt RIS Ly i SEab R e JHiBE REaY BRI MPIMARIAG DeaAk 2BthBhrtment.

This VO'Ug@@éW@?@%?ﬁmawbmﬂéde@l aatwsr;émmakrﬁnaemmmtgm@m@ﬁgwmﬁmhdéing r?r
connecte to the valv OU_Slng Yy a e. e tan _Comp rtment Is pretera connected to the
e e R OGS R B SR S CRRTSIE TGrHe Seee RN ARPL e B loves:

The valveiiamégrdntiodingeiie Hriveskdvie doaipanas i dile saniemsdirena garaidhe gbamber,
the volume ﬁompensati%n unit inc udia&IS the tank compartment is irq}’itsegjra ed or connected by a

flardk. ONGHASAIPHBLMAEN HiFeRHEBET, 379 JBR RS oL fier8lGithOtHR R atlic
cartridgesgienoid etuitplvalvenestndiaanssitedinteasprapspiaatevihdhgaifone saierRsaton unit

to the fore. The solenpid and in particular g plug at the solenoid preferably protrude from th

compond ORI SHORIB AR GoTRE DRI Hcbf AR BF oo NI RS BNRAUD unit s

slightly piegsntierdossieddiy aaloksrsbagmipensaiivirpioit mndiRcetiproRAIBY sRFEWESaite Spring.

In addition, the invention comprises a door closer, in particular a hinge dogr closer, including a locking
e Rec Pt éd and

function GPRFRIAkifErARIGISNY SRR MGG WeRll&nergiz de-enefgized.
15

Further, the invention comprises a hydraulic cartridge solenoid control valve, in
particular a hydraulic cartridge 3/-solenoid control valve, comprising one of the afore-
described hydraulic solenoid valves, wherein the housing is configured to be at least
partially inserted into a valve adapter. Said valve adapter is located in a component
20 which integrally accommodates the cartridge 3/2-solenoid control valve. Particularly
preferred, the first line, in particular the pressure line, and the second line, in
particular the operating line, are directed radially or vertically outwardly with respect
to the longitudinal axis of the valve spindle. In addition, O-ring seals are preferably
arranged laterally of the outwardly directed first and second lines on the surface of
25 the valve housing, such that these lines can be connected pressure-tight by inserting
the cartridge housing. Particularly preferred, the valve housing comprises
circumferentially extending ring channels for this purpose. Starting at these ring
channels, a plurality of radially directed channels for the first line and/or a plurality of
radially directed channels for the second line may preferably lead to the valve
30 chamber.

Further, it is preferred that the hydraulic cartridge solenoid control valve comprises a
volume compensation unit including a tank compartment. This volume compensation

unit including a tank compartment is integrated into the valve housing or connected



15 described hydraulic solenoid valves or one of the hydraulic cartridge solenoid valves, wherein the
valve adapter is formed in the door closer. The hydraulic solenoid valve or the cartridge solenoid valve
is thus integrated into the housing of the door closer or connected thereto by a flange, and serves to
control the hydraulic between the closure damping compartment, the lock compartment and the tank

compartremhenaRBe RN Aoy TASIEAgE CloRer talugiaghrmydtayliseaiensig sanketwalve further

comprises preferably a door closer housing, an output shaft to be connected to a door, a piston

assembly AR dHg0 ENVANR LpArelrtpdiiaelueiad R Aub R 9iBingY, 295964BBspring, a
piston rogavargattie eenprehse T vaReseRbhbantadiNsene Mg apthalbyidrakimnsk

compartment configured to lock the closer spring. Preferably, the door closer comprises, for providing

the free-dWihg BRIARIn QrRe SIHRPLLEHBRMRASER NS ARHIRE fPEREssaBAAt BT H M Wion of
the gistoma0tarkecoRlipdramRied fresyihr 6losarsningauhey thegirerGarng istasketiaithin the

alternative locking function, the closer spring is fixedly connected to the piston assembly, such that the

piston ast¥mBRVanERUPORTH T GO dt e TtRH URRuItARBER N by iRe THOKRHY B CRERARr spring.

7 Preferahiye topid ayrgroseyinedidiag a eeinsang-dunaton és useaporfaatitieatiorthandishpped
persons, apartments for senior citizens or nurse%/ schools as well as for s%l(@%uarding fire protection
%ﬂ

doors. In REABAWHAL RS dRTE sy RESOIRRYURDARY 8t SAHEWEsAUB REINRSRIRIRG a
propagatisrafetspnpkeratddise fngiimowied exppringiihe Msers srictieerd@oepirapmetant peemiitk moment
of prior art door closers.&in CI%artic lar in case of fire protection doPrzwver%rstronr%d%oszeréf rings have to
be tled, QURHLPE Y, %iﬁ’é’LB’H'E\‘?e HOSPERTHEL Ju L tEe ¢ M85 SRS U108 afbinthe
corridorsyalheniecompeasaitisicpisiopeirrpangmeeravientbprilgpie sugaaspaagnot be expected from
children, ill persons or senior citizens, in particular. 10 In this case, the free-swing-function enables

that the closer spring is biased only once and remains biased until a possible emergency case. The
present dacsddien cave hevesaoedonisilkiysniodber ddosdeafropirtibeldoar Hiagee divisr toldisevery

slender averal|.width, such that no.optical drawback ocgcurs and it is protected against demolition by
vandalisﬁmc’[léé'ng a locking ﬁmctloﬁ or a free-swing-function, conﬁ)rlsmg oneg opthe afore-
15 described hydraulic solenoid valves or one of the hydraulic cartridge solenoid valves,
wherein the valve adapter is formed in the door closer. The hydraulic solenoid valve
or the cartridge solenoid valve is thus integrated into the housing of the door closer
or connected thereto by a flange, and serves to control the hydraulic between the
closure damping compartment, the lock compartment and the tank compartment or

20 the tank line.

The door closer including the hydraulic solenoid control valve further comprises
preferably a door closer housing, an output shaft to be connected to a door, a piston
assembly connected to the output shaft and guided within the door closer housing, a
25 closer spring, a piston rod arranged to connect the piston assembly and the closer

spring, and a hydraulic lock compartment configured to lock the closer spring.

Preferably, the door closer comprises, for providing the free-swing-function, a free-
swing-assembly which is adapted to enable a translational motion of the piston
30 assembly decoupled from the closer spring when the closer spring is locked. Within
the alternative locking function, the closer spring is fixedly connected to the piston
assembly, such that the piston assembly and therewith the door are arrested

simultaneously by the locking of the closer spring.



Preferably, the door closer comprises a fluid-tight separating wall arranged in the door closer housing
between the piston assembly and the closer spring,,wherein the piston rod passes through the
separating wall in a fluid-tight manner. The separating wall is sealed and stationary with respect to the
door closer housing. A slide ring seal 20is preferably used between the piston rod and the separating

wall. Furthesidhghflo othel 0§66 et rIREIuSIN §OMN RIS AP RAT @RI GstananiRistanigeiiegrin the
door closer hgusing and abutting on the closer spring. The piston rod therefore transmits the force

from the PRAGIFAREEMRG PR ABIBMGHIRSUMGBIPLSHERIS PRALISSEY SHRGSntts RIS closer

spring tepsioshrigioardiigierabbroteetlepkdsurdamnem irfaime dpataer thR aaPsyaté W and the
closer spring tension piston. On one side of the separating wall, the piston assembly including the

output sHARTEIYPASG HPRES IR RSFHRNSHRIIRG FoREBRFAIEhOI GO KB i iig: WA the other

sidesOn ghigcingy e U doek eaaRRIGMENt athe AIaRE BEILNgNAIBMBIFLOSY afebtheel eRRirspring
are arranged. 8 means of the hydraulic lock compartment, in order torgrevent an immediate closing of

the door SREFHRe MARIUFGREMEARR RIS IUGRBHIRRTR YFEEHL0BH HOFE S UM EN Sirected

to the outpuishgByiatian Hstoa ssReobin i 6f Abditiobrcelasry §RERshteasi RilspistoreiSaRsEtfably
used, which&iggon acts on the piston 5 assembly via the piston rod, In combination with the igiston rod
i

and the PSR WA SPEIAQER 2 ke 1BIRS QbR S SRS WHERENG Y Spring is
thus genegpspdd I pisiioe Whexsteadsdirendirée iNgieroonizasinaenios iz B, thedaskceqmpartment

may also be referred to as fkn}ﬁ% see?ce. ased on this stru%ture of the inventive door closer, a decisive

diffePencioitFetdsteRiolrFaoding AR AtAEH 3R I0E CitSo SR RSP B HeANMI
explainedreetmbnewrnitcopidged, @ntiph ysdusiblaaivelpressuazed tyeagipderitligoourop sepumped

piston. CERUL (FRREE T SRbARE Mo 1o ALE PRt TACIR NG Lo EDpaIRIHBHo the
stroke is ggplatadidiom eubgar freitsing agRaINtdd&KK occurs and it is protected against
demolition by vandalism.
15
Preferably, the door closer comprises a fluid-tight separating wall arranged in the
door closer housing between the piston assembly and the closer spring, wherein the
piston rod passes through the separating wall in a fluid-tight manner. The separating
wall is sealed and stationary with respect to the door closer housing. A slide ring seal
20 is preferably used between the piston rod and the separating wall.

Further, the door closer advantageously comprises a closer spring tension piston
guided in the door closer housing and abutting on the closer spring. The piston rod
therefore transmits the force from the piston assembly to the closer spring tension

25 piston. The closer spring abuts on the closer spring tension piston.

Preferably, the lock compartment is formed between the separating wall and the
closer spring tension piston. On one side of the separating wall, the piston assembly
including the output shaft is arranged. The piston rod transmits the forces through
30 the separating wall to the other side. On this other side, the lock compartment, the

closer spring tension piston and the closer spring are arranged.

For the free-swing-function included in the door closer mechanism, the closer spring,

also referred to as energy storing spring, must be retained in a biased position by



15 compartment during the manual opening process, and the discharge from the lock compartment is
e.g. blocked by a solenoid valve. Thus, in the door§loser proposed herein, the stored force of the
closer spring is absorbed by the oil pressure and cannot introduce a torque to the output shaft via the
piston assembly. 20In a preferred embodiment, it is provided that a closure damping compartment is

arrangedrhehMe &5t e AR laRSIdeRUSHISRIMh BRI PIBINRISRITIY e thi Sitesdiae aneingom the

piston rod, and that a first h%draulic line, in particular a pressure line P, extends from the lock

compartrﬁf—:‘ﬁbﬁ) R0 ALRG; @omqﬂl\%%g&éhﬁrﬁ%raﬁ]ﬁE‘ﬁnt@,elneggﬁFﬁ(ﬁagiéﬁ%ﬁ@r&fn@ﬂne A,
extends ERsdheiipgie dReefnneaeHRYUNSHAIORE BelansigrerEehserrnedthiadydraulic

line, in particular a tank line T, extends from the solenoid control valve to a tank compartment. The

hydraulicHiRe pROfRaL P XM PSIBS R RIS T HRha ks & YR L R INaF o M e iBge PRiSi&ind are
integrated 4atmibry Weusing piston dear sosemBRiaibE fatiewigpibeinveationisiexpiainadiingnore

detail on the basis of the accompanying drawin 1shows an inventive door closer

accordind/alla R M hm QK @%@%ﬂsws%aiﬁnh%@%?ﬂ}g%b{oﬁ@m%chﬂgaefo%mq i

opening gngdegeiePandtn mastpyistiaesivingdra alireahntimentekFdendshowean doeantiee geor closer
with opened door at an opening angle of 5150 with inactive free-swing for all embodiments, Fig.
ashows ARCKST0BTBENLIBEH ARA ABLEIRIES 1 83 HRETRE SEroRRSP IR S HHEA L swing

for all embedimentsvd Aoigr BRIvaNSALdBINE \E figenhclosrWEENeekpRAHNGIVIOdEse SVEhdctivated
10 the door closer proposed herein can be well explained. In the known door drive, an
oil volume actively pressurized by a hydraulic pump is pumped into the pressure
chambers, and therewith an energy saving spring is biased through a spring tension
piston. Contrary thereto, the proposed door closer provides that the oil volume
corresponding to the stroke is displaced from other housing areas into the lock
15 compartment during the manual opening process, and the discharge from the lock
compartment is e.g. blocked by a solenoid valve. Thus, in the door closer proposed
herein, the stored force of the closer spring is absorbed by the oil pressure and

cannot introduce a torque to the output shaft via the piston assembly.

20 In a preferred embodiment, it is provided that a closure damping compartment is
arranged between the door closer housing and the piston assembly on the side
facing away from the piston rod, and that a first hydraulic line, in particular a
pressure line P, extends from the lock compartment to the solenoid control valve, a
second hydraulic line, in particular an operating line A, extends from the closure

25 damping compartment to the solenoid control valve, and a third hydraulic line, in
particular a tank line T, extends from the solenoid control valve to a tank
compartment. The hydraulic lines preferably extend substantially in parallel with the
longitudinal door closer axis and are integrated into the housing of the door closer.

30 In the following, the invention is explained in more detail on the basis of the

accompanying drawing, in which:

Fig. 1 shows an inventive door closer according to a first embodiment,



free-swing for all embodiments, Fig. 6shows a detailed view of the free-swing according to the first
embodiment, 15Fig. 7shows an inventive door closgr according to a second embodiment with an
inactive free-swing, Fig. 8shows the inventive door Closer according to the second embodiment with
activated free-swing, 20 Fig. 9shows a piston assembly of an inventive door closer according to a third

em bOdi”lEi@L Fig. 1@ﬁb%5aﬂifif@&@ﬁtiﬁé‘ﬂmaél\ﬂ@wwm%@épﬁcﬂﬁsﬁ%)b%ﬁmﬁ@i'églé%tbqi‘ @5third
embodiment, Fig. 11shows a _hydraulic s_witchin% symbol for a solenoid valve of an inventive door

closer according to WBURRN D IGmEMNIdRIAh STRRAMENBiraulic switching symbol for a solenoid

control valve of an inventive door closer according to a fifth embodiment, 10

Fig. 3 shows an inventive door closer with opened door at an opening angle of

5 150° with inactive free-swing for all embodiments,

Fig. 4 shows an inventive door closer with closed door at an opening angle of 0°
with activated free-swing for all embodiments,

10 Fig.5 shows an inventive door closer during the opening process with activated

free-swing for all embodiments,
Fig. 6 shows a detailed view of the free-swing according to the first embodiment,

15 Fig. 7 shows an inventive door closer according to a second embodiment with

an inactive free-swing,

Fig. 8 shows the inventive door closer according to the second embodiment with
activated free-swing,
20
Fig. 9 shows a piston assembly of an inventive door closer according to a third

embodiment,

Fig. 10  shows different sectional views of the piston assembly according to the
25 third embodiment,

Fig. 11  shows a hydraulic switching symbol for a solenoid valve of an inventive
door closer according to a fourth embodiment,

30 Fig.12 shows a hydraulic switching symbol for a solenoid control valve of an

inventive door closer according to a fifth embodiment,

Fig. 13 shows a hydraulic switching symbol for a solenoid control valve of an

inventive door closer according to a sixth embodiment,



Fig. 14shows the hydraulic 3/2-solenoid control valve of the door closer according to the fifth
embodiment in a de-energized position, 5Fig. 1552[ s the hydraulic 3/2-solenoid control valve of the
door closer according to the fifth embodiment in an €nergized position, Fig. 16shows a detail of Fig.
15, 10Fig. 17shows the hydraulic 3/2-solenoid control valve of the door closer according to the sixth
embodiment in a de-energized position, Fig. 18shows a detail of Fig. 17, and 15Fig. 19shows an
inventive door closer according to a seventh embodiment. In the following, the basic structure as well

as the hydi&ulit cortf¥hdtiife KLIRIHI6r 3/doerlerie £earebryRly¢o tHe His: HABbAMASSis

explained with refergagerintido thaGiflthe Meedmass! idlacxdesdsrgieag pdsiigiydinal door closer axis
62. The door closer 41 comprises a door closer housing 42 which In turn consists of a first door closer

housing part 43 and a second door closer housing part 44. In Fig. 1, the various hydraulic lines are

shown torhg. awsidesHismdoanelopgt RAURINGA2sdleisdltistatinnl 2alleweyethis amyivaoskr facility
of inspection. In practice, the hydraulic lines are, int%gr_ated into the door closer housing 42. In the

following, the struct@EBFHNY §B4PeIBLBEAMDABIRSHE B GHFA HBPARES axis 62 is explained from

left to right. A first pressure spring 45 is supported against the door closer housing 42, in particular
against a front face of the first door closer housing part 43. The first pressure spring 30 45 pushes a
piston asS&mbf 945?9\@%%&%%119@%%/1@4 is guided in the door closer housing 42, in particular in
the first door closer housing part 43. Opposite to the first pressure spring 45, a second pressure spring

52 abuts against the piston assembly 94. Said second. pressure spring 52 is supported against a
coratni 53, FEA RS NG < RIS oA el e OBl g8t the 11
sectional area betwagddtiiriy b dnerspasnhiovsing neit 43danehde)iseeopdsitist, closer housing part

44. The separating wall 53 forms a flange for connecting the two housing parts 43, 44 and
simultaneously seals the two housing parts 43, 44 against each other. A piston rod 54 passes through

the separiting8vall SBaie g deeail of Fig. 17, and
15 Fig.19 shows an inventive door closer according to a seventh embodiment.

In the following, the basic structure as well as the hydraulic control and the function
of a door closer 41 according to the first embodiment is explained with reference to
Fig. 1.

20
The door closer 41 extends along a longitudinal door closer axis 62. The door closer
41 comprises a door closer housing 42 which in turn consists of a first door closer
housing part 43 and a second door closer housing part 44. In Fig. 1, the various
hydraulic lines are shown to be outside the door closer housing 42. This illustration,

25 however, is only given for facility of inspection. In practice, the hydraulic lines are
integrated into the door closer housing 42. In the following, the structure of the door
closer 41 along its longitudinal door closer axis 62 is explained from left to right. A
first pressure spring 45 is supported against the door closer housing 42, in particular
against a front face of the first door closer housing part 43. The first pressure spring

30 45 pushes a piston assembly 94. This piston assembly 94 is guided in the door
closer housing 42, in particular in the first door closer housing part 43. Opposite to
the first pressure spring 45, a second pressure spring 52 abuts against the piston
assembly 94. Said second pressure spring 52 is supported against a separating wall

53, in particular a housing separating wall. The separating wall 53 is disposed at the



5 longitudinal door closer axis 62. The piston rod 54 is sealingly guided in the separating wall 53, in
particular by means of a slide ring seal. The piston,rod 54 is fixedly connected to a closer spring
tension piston 55. Said closer spring tension pistorilg5 is guided in the door closer housing 42, in
particular in the second door closer housing part 44. The closer spring tension piston 55 is followed by

a closer J&LBHRAY %@al betalesar §rr iﬂ%5@@ﬁ)ﬁlﬂl’@§é¥eﬁcﬁ%m§%¢ 99 s@n $RABSERSHINdUBioN 55 on
ing

one side and against an adjusting unit 57 for the closer spr iasing on the other side. Adjacent to

the adjustiRGEIMOFRY BRI tcfibel R TR Hiatig MK R3 LRiBIof TR I YaRRNRRHRLBRMBYRIment of
a cartridggviaivg, iRaeispaserh aeiRiaaiRe R BISINEcARDIHIORRS OUSIAg $aris paTticalagiinse

second door closer 15housing part 44. The piston assembrleé94 comprises, on a side thereof facing the
i

first presSH s 4% PEIHEPPistén BBSSERI L ABnifgSiSERAALER MRS P Diston
rod B4. Tiop giampes Pisten 4fosempsese? firshearisaiier dbawhichds setaiadly 30iGu@pprtesdherein.

The opening piston 51 comprises a second cam roller 50 supported rotatably therein. An output shaft

48, in the>ERABURENAT 25 cAMRAHRUIR DA MYRRN SRl Behlte G B8AY rbler BIF IR A% 2 &nd cam

roller 50.fildagliguiioirzitadic Eoextensisealeperiy) Ruisidha)istdh BB PSrdiasty theringaidioal door
closer axis 62. Said output shaft 48 transm‘ts the force from the piston Tgsemtg% 94 25 though an

arrangenfSFHO8f /&I AP atialiGe ARt GRASLIAAYSIGE thduBE L REI ML FoRF HOR ASHAb the

piston asgFENSdshy s MuPTsR theseutppiinhaikHS @ PRIGeSS ¢afvithapedoplingwsuttour 49.
The first cam roller 4%aniothe second cam roller 50 éﬁll on this rolliq(g contour 49. The rollf%% contour

49 ¥nearREAgm. SBTOSE NI Eson 2 8 U ES S AR NS JAS: £ 9ReT (R IgSENSIfhE BRGion
piston 555F@pemivdideuidacayiisttha dapistingaitioasinaraharibder Epsimytpiasmhpesiarably

comprise seals gr sealing flanges at theiy. circumference. Due to this sealed guiding. of the pistons,
Pl o g W ey g R
each othepldaolaricoistiyidvabiis 12 iinese Saithobandimrsonspacts grevaloeordingspdsedstrdture
shown in Fig. 1, again explained from left to right along the longitudinal door closer axis 62: A closure
camping ESHEERAANCEEE RARICORET R Bl he o ATIEL 4 e doRe08 IDRaHGES. i
partisulahihgsfitgtskronaloser housing part 43, and the damper piston 5 46. A piston assembly inner

space 59 is disposed between the damper piston 46 and the opening piston 51. Same can also be
referred to as cam shaft space. The piston assembly inner space 59 is on both sides sealed by the

damper pisiepidtoanaktmripgBngpisionsts, and assideayie maf ftasirepthbditsnrerasaargpeive. An
opening damping compartment 60 is disposed between the_opening piston 51 and the 10 separating
e A R A A A SR Sh PO ADe i TaSing B e Efoon the
separatirggwalne3 dachpe qrisenspiétanpiisepistorfitst. dhm lackeomparimient 6 itehbsd by the
separating wall 53, the wall of the second door ¢loser housing part 44 and the closer sprin sion
MR Ry N S o SR 2 e k=
31 is arraagsabitethecaiabtinthereirh 7Ao rdip ctatefsgBninhissiog Babed ondFigcdil hal, ibe

ific design of lenoj Lvalve 1 is explained | I thi , alsa th f
conatrucUE B B B i S U B S AALh, TIBer I A loser

r

ggﬂﬁgu;(i/;hmaMgmmﬁﬂgaad/mpiam 8Sspmipgndieriapaocethe dandiridised do@0 a tank
by means,BLuntivaties! coNfeHBle SRARCE M FLMREHR 24 from the piston assembly 94
25 though an arrangement of levers or an arrangement with slide rails to the door as
well as from the door to the piston assembly 94. For this purpose, the output shaft 48
comprises a cam-shaped rolling contour 49. The first cam roller 47 and the second

cam roller 50 roll on this rolling contour 49. The rolling contour 49 is heart-shaped.

30 The damper piston 46, the opening piston 51 and the closer spring tension piston 55
are sealingly guided within the door closer housing 42 and, for this purpose,
preferably comprise seals or sealing flanges at their circumference. Due to this
sealed guiding of the pistons, different spaces or chambers are generated in the

door closer housing 42, which are connected to each other via various hydraulic



In addition, the door closer 41 comprises a first hydraulic line, embodied as pressure line P, a second
hydraulic line, embodied as operating line A, and apog:ird hydraulic line, embodied as tank line T. The
three hydraulic lines extend in parallel with the 25 tongitudinal door closer axis 62 in the door closer
housing 42. The three hydraulic lines are connected to the various chambers or spaces in the door

closer 41jifugughigheihaisutaals ylueasyiendcadialivg/er inalbtwituressiivifringiugingl door

closer axis 62. Fig. 1 shows the hydraulic lines only schematically. In practice, the hydraulic lines are

integrate@%RIBIR BB ISk LA JIRH PN Gr1iRe, /eBgiiuding 1D ekiRsfls F8fh B%e 1BckIR8H Bartment
61 to the sphepialg eeniplruakat bdiigddymad Vatimedpipendnetiechd iensraiegiboe Adsdends

from the closure damper space 58 to the solenoid control valve 1 directly and without being throttled.

The soleRGREE¥h A6 VAIDBNIGY RIHRE HSh AL RS Eh R4TEhRaF 4R NG HBMPRRFRIPN without
being thratlea'pieranashammsepriaip dteotiekare pssuidedindan inesadpdleyetticlasaribe

pressure can be slightly throttled by possible filters or dynamiCé%ressure differences. The opening

damping EEnARSHRERIEIPIS 2bnrEBIE LA ARR KREETEARIGR S3IFSSRHhRABER: MM E&ION 78. For

this purpaseepfirgtifiiiettieperives65dsaisdihnsaisitiona R drbl LR GAeOCONIBRIHI A1 Ahexikts
between the openin dampinq\ao_mpartment 60 and the tank line T. The opening of the opening

damping WP RIER B i@ SN AR rBIBLHUBAARLBN 1274 SL GRS 1BRe OMRRYHAR 48 than
the opentngn@bite epaipastiampieg sontesbredt betnteiatissioieaiigd siersiecsionafdl the
10Therewith, the unthrottled connection 77.can F(ﬁ%osed b)ﬁthe (éﬁeningi iston 51 when a SIEJecific
opeiing SRR RN FALRE S e AN NSRBI ant 65 Rk SHBRAME the tank
Iilne T tEremgb a@aﬁggd itb»éwgmmowmgéﬁamﬁﬁng;ﬁhm Bsﬁaarﬁllme@é Sgbtm fspﬁh@&t%r@‘ucbhepi&rfégor?r 1|50I
closer housing part 43. For this purpose,.a segon rottle valve 63 is used. In addition, a thjrd throttle
et 7S RS RN Ao R Bt P RER 5 eE nR AP AR (e
closure desaping compaitsentoiising thartaak liardr tieclodsgr asibvniogtnidioralyieted. The piston
assembly inner space 59 is congected the tank line T in an unthrottled mann%rilé)yﬁés%%{“%ne radial

channel. %R %kerRe iHG8RitPH tHeltaRTIRESEHeReilRKe BORIREREEM: ffer
exdBplagoipaaxanplgltihe filendbddn atgo hdjustigyated iB1 fbe belatlogbralpany Biagtgbly,

further f”&rl%e?’& %%n 'gagrrffgt%d i%t ht%é)trsl%%@f%ra éi&gl}irr]]egf the solenoid control valve 1 is
explained later on. In this context, also the specific constructive design of a preferred
tank compartment 31 will be explained. In particular, also a closer spring
accommodating space 92 and/or the piston assembly inner space 59 can be used as

20 atank by means of unthrottled connections to the tank compartment 31.

In addition, the door closer 41 comprises a first hydraulic line, embodied as pressure
line P, a second hydraulic line, embodied as operating line A, and a third hydraulic
line, embodied as tank line T. The three hydraulic lines extend in parallel with the
25 longitudinal door closer axis 62 in the door closer housing 42. The three hydraulic
lines are connected to the various chambers or spaces in the door closer 41 through
short channels which extend radially/vertically with respect to the longitudinal door
closer axis 62. Fig. 1 shows the hydraulic lines only schematically. In practice, the
hydraulic lines are integrated into the door closer housing 42. The pressure line P
30 extends from the lock compartment 61 to the solenoid control valve 1 directly and
without being throttled. The operating line A extends from the closure damper space
58 to the solenoid control valve 1 directly and without being throttled. The solenoid
control valve 1 is further connected to the tank line T. The designation “direct and

without being throttled” means that no separate throttles are provided in the lines.



In the damper piston 46, a first check valve 66 is installed. This check valve locks 25 toward the piston
assembly inner space 59. A second check valve 61 is installed in the closer piston 51. Same also
locks toward the piston assembly inner space 59. Athird check valve 68 is provided in the closer
spring tension piston 55. This check valve enables a hydraulic flow toward the lock compartment 61

and a lookigsteneaed sheHankregsupargaanbslsiyhasinehraky alyess sunonidad ketupeaniie tank

30 compartment 31 and the tank line T. Said check valve is spring-loaded and locks toward the tank
line T. WRIERMFRHIMRIEE158 3nd third check valves 66, 67 and 68, the closure damping compartment
58, the opening damping compartment 60 and the lock compartment 61 can always be filled with
hydraulic_oil from the tank volume upon expansion. 14 A free-swing assembly is formed between the

piston rod B2 3REMNANY SRERRHISFRBIPHMEANE EQStHRMNVRCRAEhIBF g HrlRes kil A R PLs

explginedHrofleteddriaddadrir®. Forfitsis porsr, hersinktswie saseetiassetthamagdsieser 41 are
5 explained. in more detail with reference to Figs. 2 to 5. The functions and motions of the door closer

41 accor@inliTo HHY X RAsCORNSFBRBabIe 8IS BRIEEMIHsAHEPESHFBRKY EYNPAHRRE the door

closer 416];& r?{ﬁgam@Qa@ﬂ@iﬁiﬁ@ﬂwgi&ﬁ@rrﬂgfﬁzﬁecl@ﬁ@ﬁiﬁ@;’tﬂ@mﬁigg%mﬂmﬁﬁh@hcel@saﬁt@tﬁ@rti?% »
pOSItlon f the or cjoser . F1d. shows the door closer Urlng Op ning at an angle pOSItlon 0
e L0 UL SR HEAS IS G5 i b IER PRy ol ie, OB EUeSRAR, AR HETIE hich s

connecteghéo BiseAnY figaneping aodieageident 60 lavess. relat@st Thedaled izbiansoidied tBrough the
rolling contour 49 to lrtﬁe cam roIIFr 47, 50. This results in a téans@tionaﬁ]motion of thei]%)iston assembly
94 tfthe t FWBBE rWhtll']"tWé W&E&@%@@E%SB% %g rli)Yo BACRE A rBIGH e closer

spring 1ovirnsipBpmisino Spcriagnavege if the dobt. icesseneently, the closer spring 56 is biased.
During this opening process, the pressure line P is closed by means of the solenoid control valve 1.
Hydraulic liquid is pushed through the third check valve 68 into the lock compartment 61. The opening

process Shwoldstiig. d8epivg icoiepsiamte desky springdiedAibetiensiaringéha aestrgpring 56
and by keeping the 20 pressure line P_closed, the free-swing-functipn of the dopr closer 41 is active.
Fio. 4 shSCRHTR LGHRSEP HICRHAM o Lol R ERRE iR Ao PR REBY S0 s B A0
disgernibigosee tlossingpiagt SArer@ingis ihapessioredqmsidomsitke tad/loadimpadteint 61 is
still filled with hydraulic qil., Together with the clgser spring, tension piston 55, alsa the piston rod 54
“emains GRSV (0 o HLHEOLRG o5 SR AEAYIRE Hlolih SLCHRRAEA s DIF6e Wston roc
54 throughghgobacktiger didusingtpat isbaieéd uherchsiosingamplinn apefaiechesnbalynal the door.
Herein, the piston assembly 94 can freely move, together with the door. Merely a slight force is
et TG LTSk ST YR, e R s e BN o G P 8 Lomstant
and cleaeetresl corttastankhinpigtan aasemtirygtiddartbarmtpyt adlesizaibdd rutidhehemmetontour
49, respectively, is secured py the cam rollers 47 and 50. As shown in Fig. 5, the closer.spring 56
i P IS o o i AL R HE R e D g SR T B oS P8 oo i
freely mossedatepldry. For example, the filter 31 can also be integrated into the solenoid valve

1. Preferably, further filters 31 can be arranged in the other hydraulic lines.

In the damper piston 46, a first check valve 66 is installed. This check valve locks
25 toward the piston assembly inner space 59. A second check valve 67 is installed in
the closer piston 51. Same also locks toward the piston assembly inner space 59. A
third check valve 68 is provided in the closer spring tension piston 55. This check
valve enables a hydraulic flow toward the lock compartment 61 and a locking toward
the tank compartment 31. A forth check valve 69 is provided between the tank
30 compartment 31 and the tank line T. Said check valve is spring-loaded and locks
toward the tank line T. With the first, second and third check valves 66, 67 and 68,
the closure damping compartment 58, the opening damping compartment 60 and the
lock compartment 61 can always be filled with hydraulic oil from the tank volume

upon expansion.



Fig. 6 shows a detailed view of the free-swing according to the first embodiment. The free-swing
assembly is here embodied as a sliding-coupling. The two essential components of this free-swing
assembly are the first front face 74 and the second front face 72. The first front face 74 is parallel to
the second front face 72. Both front 5 faces 74, 72 are positioned vertically with respect to the
longitudinal door closer axis 62. The first front face 74 is a front face of the piston rod 54. The second
front face 72 is located at the piston assembly 94, in partlcular at the openln% piston 51. In the

embodinfaifRESWNG 255681 Dpiimad Priuieaadte tRISKEL MR §1€ QRS BistBRton rod

54 engagss Witk tuRRRGEId d@ngriog et dacsaiimglansdmdivl s RisAiBgirm forthgsgrond front
face 72 is formed as a bottom of the a&?OCket 71. The two front faces 74, 72 are thus arranaged opposite

to each difer fr the JBekePIVEKE cARnIHRSHONR &Pt Eé%téoé‘fsaQFe@@mﬂﬁ?j)rFngs9raﬁ FEhow a

d00f50|05@k|cﬂélﬁ§§qwmm@ actanncharkedivent MQQUQaiolE5 JRBROAENEH OraeRMAenenssdtentical
in function are designated with identical reference numerals in all em E%(:‘iljrgﬁn%ﬁ Fig. 7 shows a door
€

closer 410 HRPHIE 36 ofthEREAI G tRgHESIAFIG. 8, fE 18PP @f@‘?@&f‘ﬁﬂﬁ%ally

blocked thropabeterprersurRyline shdwanaesuridicidiseelaseasarinangesisustictoaod andihe closer
spring 56 remaln in their tensed positions. The pis on as embl 94 and the Zmd or are freelg(é
B Sponds

swingablES APRFCrdRP B SRitRcehtd ddS&Tped’ iHGHRY RN BRI 8

to the firsi EnFhgdansiS anady 0 Hm@eﬂam@@lwmga@taﬁﬂm@@l p@nrmﬁ%mmartgem@etween
the separatin Wagl 3 and the piston asserrrt]gjy 94, in 25é)art|cular tq{% nlnﬁlflston 58]'Ft in the
mBAt {

secthd AR THe LORIGL 'ﬁl&Bﬁ ?%)?ecﬂﬁr Anet&a'td Y52 trda%smitting
a translatigyiah niw sy nBagcl sofrore f@@eﬂﬁam@rmecaﬁcm@hgemeﬁtaddlmméplﬁtm@é The

additiona) piston 95 comprises a sa h that the ar bet een the additional piston 95 and the

oiston o EhbI3 SIS TP G b LB B A e ST GRS 40, <artitag wall 53

form the epgnisgrdamaingamaprioven @ .tAcfpitien difscansly lgat\nteehethg HirsT egehdinogtt and the

second embodlment is that, in t ond embodiment, the pistgn rod 54 |s connected plvoIaIIy to the
ol 5 T

addltlona'it}ﬁsfﬂﬁ 93 &%&%Héb ﬁﬂg @nﬁﬁﬁoﬂswﬁ 8?1%5’%@1% rod 54
and $he agdgionapiyssonsk aeimw@bwtmérﬁgMJsd@né’é@e@mechend»@éweepth@ B piston rod
54 and the cIo er sprl attﬂ:,l sion lston 55 |sﬁ§ ﬁtal about a d aX| 31 oth axes 79, 80 are

positioned' J&¥ cafﬁyrv{}\ 3 B‘ﬁwé’ﬁ%‘a ik %’88?8(83 '%23 ¥oneasitliBsis 70 is
p05|t|0nest@nHM|bothbl resivecl tcrtymemomqmw@uﬁwmwmngmmaem sitknetdvecaially with
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door closteuea)de@ér. Signg atd Idtehaersioision asseoibeP4pfitie B60actbiey Keaptnyding to a
thirgo pressure line P closed, the free-swing-function of the door closer 41 is active. Fig. 4
shows the door closer 41 again in a closed position with a door angle of 0°. As is
easily discernible, the closer spring 56 remains in the tensioned position, since the
lock compartment 61 is still filled with hydraulic oil. Together with the closer spring
tension piston 55, also the piston rod 54 remains unmovable. Due to the free-swing
25 assembly, the piston assembly 94 lifts off the piston rod 54 through the backturn of
the output shaft 48 upon a closing motion operated manually at the door. Herein, the
piston assembly 94 can freely move together with the door. Merely a slight force is
transmitted through the two pressure springs 45, 52 to the piston assembly 94, such
that a constant and clearance-free contact of the piston assembly 94 to the output
30 shaft 48 and the cam contour 49, respectively, is secured by the cam rollers 47 and
50. As shown in Fig. 5, the closer spring 56 remains in its tensioned and arrested
position during the free-swing-function. Meanwhile, the door is freely movable.



10 embodiment. Identical components or components identical in function are designated with
identical reference numerals in all embodiments. The piston assembly 94 of the third embodiment can
preferably be used in the door closers 41 accordingto all embodiments proposed herein. 15 The
piston assembly 94 proposed in Figs. 9 and 10 replaces the piston assembly 94 of Figs. 1to 7, in

particulai-ige slarnes Bisferhied e b Haerfist e 4raripte e enrsingrisimehtinpheding the
second cam dis¢ 50. The output shaft 48 remains unchanged. Due to the use of the piston assembly

94 accorfiiG fRMAE tARASARN i BRICHRITPAGREs &% As A s et sERBNBYOreRER78 W ring 52

are not 2pinpehepfisiRthiprereswhdg ResesrBljnadditiertikigir8fihrRwe the aifdomeassasphly 94,
wherein the dampeggiston 46 and the opening piston 51 are connected by means of a first tie rod 81,

| d
a second T1dA%827 4 thivg HESIIEPES 1368 44dRIPAEAS) atherseerndil 06 dase (H2s PR HR3hged in
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at four corners of a square or rectangle to be considered for the [purpose of explanation only. The

output axp€ 854t SN Rar 485aLRAURGESNH the RLe¥hRGimor thE & [EBHEFsquare

or rectangieidgedeethist snegiistairangement o the frutidi@dpds Gk topenitRemompiste heiglet 91 (see

Fig. 10) of the 30 roIIinE contour 49 can be isFose_d Eg}iw en _thg two upper tie rods 81, 82 and the

two loweFIPRIYTERL § PWHérthgthi‘&Pﬁ%e dithrig L {DaAREANE BiReiorlo MR Butput

Do Joncied optimelly. 17 The fou tecrods 81 fo 54 e reapacitiely cannecied Jo (e opomg, piston 51
e loaded optimally our tie rods 0 84_are respectively connected {0 the opening_piston

oy Lren OB A e b DR BT s U8 G568 BT ETRBCT s of he

damper pision fidat¢aties qudy pfdhetieserradléa ppositespastivelytheicveddpsorens of a

spring tensign nut 88. The first tie rod 81 and_5 the third tie rod 83 being arranged diagonally to the

first tie ro%'qglcﬁfb%gﬂg -\Ill\llléi SES) éadfb‘:iﬁé?l"‘fmggrated clearance compensation spring 86. The

integrated clearance compensation springs 86 are fit on the first tie rod 81 and the third tie rod 83 and
are located in the d er piston 46. A first end of the ¢clearance compensation.springs 86 facing away
from the bUEDUL<PBH SR gbOREE SESHA s SERE AR B RAITEISIRRED the
respectivediieponied, 88. Adoagaomehendidé tiieaedpedtivetiaararcalesipnatshtinispiiegsiéa facing
the output shaft 48 is supported against a.shoulder. 93 _(see Fig. 10) which is formed in the damper
piston 46 TS SHIL QLB R SR RE AL ka0 QB BRSO SPh G SHE g
embodiedfaghpreksee spimgSendy Rigd &aetisloekdconspadndtie 6ads SildBduldhllie isowkelh
addition, Fig. 9 ws a first sealing flange 89 at the damper piston 46, which seals the damper piston
30 with 1AL o RGBT B a8 G CioSer Spring YEHELABStEn" s AR

the closer spring 56 remain in their tensed positions. The piston assembly 94 and the

20 door are freely swingable.

Apart from the difference described in the following, the second embodiment
corresponds to the first embodiment: Contrary to the first embodiment, an additional
piston 95 is arranged between the separating wall 53 and the piston assembly 94, in
25 particular the opening piston 51, in the second embodiment. The additional piston 95
is fixedly connected to the piston rod 54 for transmitting a translational motion. The
first front face 74 is formed frontally at the additional piston 95. The additional piston
95 comprises a passage, such that the area between the additional piston 95 and
the piston assembly 94 as well as the area between the additional piston 95 and the
30 separating wall 53 form the opening damping compartment 60. A further difference
between the first embodiment and the second embodiment is that, in the second
embodiment, the piston rod 54 is connected pivotally to the additional piston 95 and
the closer spring tension piston 55. The connection between the piston rod 54 and

the additional piston 95 is pivotal about a first axis 79. The connection between the



manner, the opening piston 51 is sealed with respect to the door closer housing 42 20 by means of a
second sealing flange 90. These two sealing flangi§f89, 90 are used in the piston assemblies 94 of all
embodiments. Fig. 10 shows three sectional views of the piston assembly 94 according to the third
embodiment. In section B-B, it is discernible that here again the pocket 71 is formed 25 in the opening

piston S1pididhe RPtsanaad tis Resket.dperg irelacie e irentines dtl HiR atstosd@shadaangages
with this pocket 71, such that the free-swing-function is guaranteed. The embodiments proposed up to

now shoi dwB YRR} ESsEbilRE&F6r ROSHSRER & estcalh Yuis AaBRast R KIf RNGARAIBALCRT, 50 and

the rolling|egaioakid S Animaduridwoieshedinentsy lRepdamere @istancijsniassiscadendy the
first pressure spring 45 slightly toward the ou%t shaft 48. The opening piston 51 is pressure-loaded

by the secoriBred¥ar8%pinyBS siitfnAENATY the RARPANGThSBICRllYs WK FESREG i@ atfEcontact
betwsen [fieynaniiallgtof ¢idEepadiseoraing prReuIchA St aferagieds Fischeerdvsing third

embodiment. In this case, the clearance compensation is inteﬁg;ated into the piston assembly 94. The

damper st U M ReASTERMY JR ERS51AFeCINSHE s R EhaptRAeFHR: RRAYES Wit 84 and

the integrptetbalgiarance goomeosatiaris@mgs 89, such that the two cam rollers 47, 50 5 always abut
on the rolling contour 49. In this context, it is particularly advantageous that no moment acts on the

output shaft 48 and therewith the door stands still in any possible position during the free-swing-mode.
The symmigiiceandiemenahal Figemersehibs fourdiatiedsodt to8émavides faingteksahirgly

constant force transmission and therewith prevents an cantinagg For this pyrpose, the two used 10

cledfhncé e ation H@g 484POYR ﬁeooét RO RS 581',d§‘§‘ . g'Bia&ﬂ?ﬁi% e&LHh other.
As an altgewignataanenitearnaeeticampsasation snimedfiscanldalie ahavidiohépnsachef thgtimrods 81

to 84. Of course, the clearance.compensation springs 86 ¢ eferably be arrgnged in total or
ourtally ASSEME A o ABISh S Do AR R B FBRY et SR O O R SRS TS He
damper kapistdmgaGaan dnebopimiagtpistopdsbaviteeispect to one another. Further, the piston

assembly 94 according to the third embodiment can also preferably be used together with the first
pressure spring 45 and/or the second pressure spring 52. A specific application is e.g. given in case of

verysheaThérpis2orpsstastihny (o poealosirideor eded Uitk flaase thb it reqss@svgrostrong
closer spripgs 56, For_the everyday use of the doot, it would be desirable that the closer spring 56
vy 1TnBTS Dl dAcP AL TR P AR B IR e BB S AR B EAGETE e
for a smahthopening pistbausaatiadilygctheisg ctoat cahetise SAdasyeipstghaftoiddesiinafter
each use. T ereforg, itis . . .
unchanged. Due to the use of the piston assembly 94 according to the third
embodiment, the first pressure spring 45 and the second pressure spring 52 are not

20 longer required, however, can be used in addition.

Fig. 9 shows the piston assembly 94, wherein the damper piston 46 and the opening
piston 51 are connected by means of a first tie rod 81, a second tie rod 82, a third tie
rod 83 and a forth tie rod 84. The four tie rods 81 to 84 are arranged in parallel with
25 the longitudinal door closer axis 62. In addition, the four tie rods 81 to 84 are
arranged at four corners of a square or rectangle to be considered for the purpose of
explanation only. The output axis 85 of the output shaft 48 passes through the
section point of the diagonals of said square or rectangle. Due to this specific
arrangement of the four tie rods 81 to 85, the complete height 91 (see Fig. 10) of the
30 rolling contour 49 can be disposed between the two upper tie rods 81, 82 and the
two lower tie rods 83, 84. The height 91 of the rolling contour 49 is defined in
direction of the output axis 85. The rolling contour 49 does not need any recesses for

the tie rods 81 to 84 and may therefore be loaded optimally.



25 preferable that each of the door closers 41 proposed herein comprises the second pressure spring
52 as an "additional closer spring", embodied e.g. agcording to EN1 or EN2, wherein said additional
closer spring/ second pressure spring 52 is much more weaker than the closer spring 56. The second
pressure spring 52 in this embodiment therewith always loads the piston assembly 94, in particular the

opening BRepis@NtRl retightly i the %!Q,Sil’é}sﬁ'é@ﬁﬂ@& EYBRYREN 1 ff@@ﬁ@ﬂﬁ@@ﬁﬁoﬁﬂgyw a
blocked closer spring 56, such that the door closes, at least if the resistance is not too large,

automatiSSIGWANSS dfinGirBerotskirgds dheraflvdhi dRds hd ederdinde Hé%l{ngiﬁ‘é%n the

large closrrRyNESIE DR tHRAGRAPRERNIPR IFP 2B SHBHS Ol U g hisenadainsrcgNdPressite spring
52. In particular in this embodjment, 19 the piston assembly 94 according to Figg_}; 9 and 10 according

to the thif§ SHREEUEN Pt NP P SRSART Yot BRIBVIRAIAN J8HRE- pHoSslire 45ing0s81 apRs. 11,
12 apd lihehewvcr dewdd, 8Bhhenthshriaegelodiatriidiy derr fieseiedbdBheirindlpatrivenng

symbol for the solenoid control valve 1 is respectively shown. Fig. 12 illustrating_the fifth embodiment

shows thi€ PRARSTRRAGHrRn R HBRAIAME AR RIRNGH: SEEMANRALY #igPING RS A dReFARY

embodimgehrime®icbriieapatiatingpiity 4 86 the diosw endafinding: o Bararent-HeStisranidteddn such
10 door clgser 4[1r. Th?nfolenoid control valve 1 here only controls_a connectionaﬁ;‘éhe pressure line P

from the fotk 8 FHRMEGRE o T MEnIORAPS! TRISPBREsShre MindiStc &N 1t&Hn 406eI§'5BT8PER or

closed, spehpatdanoiiespaniiods saleatvalvagernotyatrdautpativatell 4B iIGubpshedwaigersvitching
symbol fog the fifth embodiment. H%rei?}, tR/e glressure line P is connected to.the t@gk line Tin a
GRS WSl

de-t ergﬁ EdRERY SRR IANGiB S0 é e9E ﬁoquﬁlé?éﬂ%‘?&&eT%% 6% aﬁﬁg fife Ais

blocked. Jdsoadiwhingfppeitiesgectie rigbasimesdbemporsaiied siiagy te peieroidcouplvalve 1.
Herein, the pressure line P and thus the lock compartment 61, and consequently 20alsp the closer
g G AL MBS RSB AR g KON 558 £ Bariia D b B e Erating
line A. Figahthehquistdhe 48viDhiegsymbosfescifie sindngevpediment. Aeepsatiog tothpdatiation
springs 86, which are embodied as pressure springs, may load the first and second
15 tie rods 81, 83 with tension.

In addition, Fig. 9 shows a first sealing flange 89 at the damper piston 46, which
seals the damper piston 46 with respect to the door closer housing 42. In a similar
manner, the opening piston 51 is sealed with respect to the door closer housing 42
20 by means of a second sealing flange 90. These two sealing flanges 89, 90 are used

in the piston assemblies 94 of all embodiments.

Fig. 10 shows three sectional views of the piston assembly 94 according to the third
embodiment. In section B-B, it is discernible that here again the pocket 71 is formed

25 in the opening piston 51. At the bottom of this pocket, there is the second front face
72. The piston rod 54 engages with this pocket 71, such that the free-swing-function
is guaranteed.

The embodiments proposed up to now show two basic possibilities for a clearance
30 compensation between the cam rollers 47, 50 and the rolling contour 49. In the first
two embodiments, the damper piston 46 is pressure-loaded by the first pressure
spring 45 slightly toward the output shaft 48. The opening piston 51 is pressure-
loaded by the second pressure spring 52 slightly toward the output shaft 48. This

secures a constant contact between the cam rollers 47, 50 and the rolling contour



depiction, the pressure line P is connected to the operating line A in a de-energized 25 state. In the
energized state according to the right depiction, the pressure line P and thus the lock compartment 61
are blocked. The operating line A and, consequently, the closure damping compartment 58 are
shorted to the tank line T. Figs. 14 to 16 show the constructive design of the solenoid control valve 1 of

the 30 daor aasgrdrhasrerdingsadbediih erahatinenibsuiRraaentthia cass!rdiveedeaitie of the

solenoid control valve 1 for a door closer 41 according to the sixth embodiment is explained based on

Figs. 17 SRIPENSASIRR 43 dntpaERied AN ARGV RIFIRTY PoiiiBRu @4 rding HmBeh Pisinsftfe 2% hown.
Figs. 15 sl diSeshayvsrecsnstehing Aasiiiersreeeyctioadaitisd B3 thhtisided S 19 shaws angectional

view of the hydraulic 3/2-solenoid control valve in a de- 5 energi]zed state. The hydraulic 3/2-solenoid

control vANBH B SIRAQBCERUTIGISAYD! SRIANS GhrHeD ANAtdGR@icRMHO RIS Hod8ing 2, a

solegoid 4igagdamiyeantidlplingheovedie IBNHerhisneasin & [RNpérioriraaiantagesus valve
axis 38. 10 The valve chamber 3 comprises a first valve seat bore 6 as a connection fr_(,l)m the pressure

line P to tREVARB'EMERLAFS AUtRSLENY S0U 48AMIS QWD BREAAORIAREHS Pl dB&RNing line

A to the ydesisRanpesitbri-udheng? fiee apeclwiRiSdaribadanirhiae Jyisfretied ahdne ailyeriamber
3. The first valve seat b?rrﬁéG is located directly opposite to the second valve i;at bore 7. The free

aperture 8/1@RUEMEBLOHTAR TRUL ¥ A9 S Wi RAMAIRY IS £01eDr Bhs AUy ERATPEAR 14U Bnged

verticallytvefts reisgRat taribetihiestvalvepseat heyeapyaratie geFandingveuspatdorae -tinoaddiivn, a
diameter of the first valve seat bore 6 is consigerably smaller than a diameter of the second valve seat

bortY7. 26/PREANTe SHIMAESHIY SBHMGSr dGuALS T BO9RTisRE B¥islBalPS &t £9eB6MPpart 13

being scrgiagoriatadheditat pavérl 22andnhakdinedyecomecirataribe twhpanskionhemaagprabpart 13
extends from the interior of the valve ch er 3 through the second valve seat bore 7 toward the
oo GO G HAVIIPS 0T e oTE 1B UL s B OSSR U, SRt oar

13 of theamivieesatide Sspanyyisescafirpr skl bsfaceasyebodiedia ¢ genvaNsarsacmAtisee in
particular Fig..16) an a S,Ef ﬁhereof facin}gﬁ thte valve %jstt bgre 6. Said convex sur1iat(f%ee9 is formed by a
ball 10. THRHAO1B T lis! BrABENIRL Thio UE rERdSse P BELRGY L s Unthle™se iAaRR ular of
the180 spistod paraid.theagsniny pisttruBienisfosveccatéheneadretpndle 5, in particular at the
second part 13. A valve pressure spring 14 is supported on said shoulder. The convex surface 9 is
arranged within said valve pressure spring 14. The valve pressure spring 14 is further supported at the
front facerat ther firshe/apistepatissentblypadd fraot dadimgaroalsebehisfe mathutanasalzamsaitace or
lateral Su;gfrae grg webférsltjsed together with the first pressure spring 45 and/or the second
pressure spring 52. A specific application is e.g. given in case of very heavy fire
20 protection doors. The closing force required in case of a fire requires very strong
closer springs 56. For the everyday use of the door, it would be desirable that the
closer spring 56 always remains biased and closes the door e.g. in case of a fire.
Nevertheless, there exists the need for a smooth-running and automatically closing
door, wherein said easy closing should occur after each use. Therefore, it is
25 preferable that each of the door closers 41 proposed herein comprises the second
pressure spring 52 as an “additional closer spring”, embodied e.g. according to EN1
or EN2, wherein said additional closer spring/ second pressure spring 52 is much
more weaker than the closer spring 56. The second pressure spring 52 in this
embodiment therewith always loads the piston assembly 94, in particular the opening
30 piston 51, slightly in the closing direction, even when in free-swing-mode and upon a
blocked closer spring 56, such that the door closes, at least if the resistance is not
too large, automatically, also during the free-swing-mode. Nevertheless, the user
does not have to tension the large closer spring 56 upon each opening process, but

only the much smaller second pressure spring 52. In particular in this embodiment,



21 valve seat bore 6. Due to this arrangement of the valve pressure spring 14, the valve spindle 5 is
loaded toward the solenoid 4. In a de-energized Stg , this results in an opening of the first valve seat
bore 6. 5At the second valve seat bore 7, the valve Spindle 5, in particular the second part 13,
comprises a second sealing surface, embodied as a cone ring surface 11, within the valve chamber 3.

Said conghengisusircaskk iR MeA ﬁ@@b?dhfgCQ@H%@.C@U@NG@@%@E%M%:V%SRM|Qkﬁrdn a
de-energized state of the solenoid 4, said cone ring surface 11 is pushed onto the second valve seat

bore 7 arfiMAGHMRALGHL IR R RN FRIMR 20N G SBERNhRIESRIN SRR PS: The solenoid 4

comprises a coil 16, an armature 17 and a pole core 18. The coil 16 is wound about the armature 17
and the pole core 18. The armature 17 and the pole core 18 are arranged in series along the

longitudifd®5att 4s88 A8 (BHE H1HE anHopeiBIe RABHRMAIK POV RSBINAt valve
axis$38. Saidrearahelefatehmg liyeabauidethe kylahirasnpertiamvel the vabissspinslie shanparticular

a portion of the first part 12 of the valve spindle 5. In an energized state, a gap 20 being as small as
possible EstsbEHRYEME Mo B P UMEHSHAWSNE RETRITRR \RII8AErgized state, said gap 20

is larger. The solenoid 4 further comprises a connecting 20 line or voltage supply 21 for connecting a
control unit to the hydraulic 3/2-solenoid valve 1. The ar%'l%%ure 17 and the pole core 18 are embedded

into a sle&08 33UR BIBPAdIME ARG Qi nd deiNPWS BeVe Y £ AR T EREPIE 4 e Pble core

18 and thenemeiereget &iRcglirRnge itha ssaltedanpriyreosnpaan¥n2BaSaidriiteatitiesgpace 22 is
located within the sleeve ZE. Trﬁg (%feratiné; Iirle AI is sealed wit res(,_ggctlto said armature ip ce 22 by
a spacifi@9hICIATFArfiduIdPg RIBURA P IEG! Y8NEa ik IiPER A N LU IS A LRI b ¥ kten the

valve spipgdesuria pssteutanthidinsicRasb A aatrddhe ate chectd Bk Aromatiwprelsaonelibhe i
extendin%%vithi the valve rjtgindle 5. Said conaectio&cq?nnel 15 _connects the 30 armatweﬂsgpace 22
er3 A l

to the vafRCRARBANCYINE RRILIOL GiaH YdedigCatHReda AETRN AT, also

the armatgvapet®22dsaliwdys pressureless. The connection channel 15 is formed by a longitudinal
borehole along the longitudinal valve axis 38 in the valve spindle 5 as well as by boreholes being
vertical with respect to the longitudinal valve axis 38 from the surface of the valve 22 spindle 5 to the

longBudimrdy extehding baseswleHinie soritisobibit shieidiftre @hihsdvakyet spipednd tiepardissiae, the
longitudinal barehole can be formed along the longitydinal valve axjs 38 inside the valye spindle 5. 5
The vzlvg%uséﬁgci%?ﬁﬁgsé% @Bjeg?hﬁ‘ngiﬁg'eiﬁgw%ﬁf ml&tfbafgfé 5 Eaz&éﬁ&aﬁ% o
second vidireechansheminsert 2de Tbft faiskevalueec inmaaTe 2K asdolbekeatomileyadvetchimyber
insert 28 together form the.valve chamber 3. The hydraulic 3/2-splenoid control valve 1 is structured
a0 asscHATUROTotre! HN oIy Ao IGHESA AR G AP EGRbEC I pAAS the second
valve  Herein, the pressure line P and thus the lock compartment 61, and consequently

20 also the closer spring 56, are locked. The closure damping compartment 58 is

shorted to the tank via the operating line A.

Fig. 13 shows the switching symbol for the sixth embodiment. According to the left
depiction, the pressure line P is connected to the operating line A in a de-energized
25 state. In the energized state according to the right depiction, the pressure line P and
thus the lock compartment 61 are blocked. The operating line A and, consequently,

the closure damping compartment 58 are shorted to the tank line T.

Figs. 14 to 16 show the constructive design of the solenoid control valve 1 of the
30 door closer 41 according to the fifth embodiment. Subsequently, a constructive
design of the solenoid control valve 1 for a door closer 41 according to the sixth

embodiment is explained based on Figs. 17 and 18.



10 chamber insert 28 is embedded into said extension 29. The second valve chamber insert 28 in turn
accommodates the first valve chamber insert 27. The already mentioned sleeve 23 of the solenoid 4
extends to the second valve chamber insert 28 anéis connected thereto. The complete unit consisting
of solenoid 4, second valve chamber insert 28 and first valve chamber insert 27 is screwed into the

base 15 Bﬂ@ﬂ%ﬂﬂ@@&@]ttﬁ@ Bﬁftﬁﬂmﬁ%ﬁgﬁ%rﬁ@éﬁtﬁmﬁbt%@ﬁ%i.SfQ,”I@‘ﬂ gidbeipagapusing
component 26, and a carresponding external thread is formed at the extension 29 of the solenoid 4.
The individds he dIHLEFRBYNEI S WHERRY NP SN ACSAEHIRIHE Fidid 2diHB$d6e housing 2
comprises a cap 30. The cap 30 encases the solenoid 4 and sits on the base housing component 26.
A drilled insert 35 is formed inside the first valve chamber insert 27. The first valve seat bore 6 is

formed il id- ArifRAWSsBroSsl Al UisWn Ok fife MYERUIA aHESPIRNAK ZaREol A3y eHANb R nsert 27.

Saiddfilteegergighepagatboutrsiderbarvalic rsdehdianddntioe Regseure baeprikeadditipava volume
compensation unit 37 including the tank compartment 31 is integﬁated_ inside the base housin
t at%jrrgprises a

compondMYENS i ¥ LIRS 2 IFE URESHIRP IGUERNE hRUSING corfpRnai 41

volume cgangerpigie Fstfeddal@eeRinanRsatiabspsng/ e natiyieomnangiadonosparmgRantha bearing
35 for the compensation spring 33. The tank compartment 31 is connected to the tank line T. The
volume cBfhp Rsation piston 32 defines a wall of the tank compartment 31. The piston 32 is slightly
spring-loaded by the compensation spring 33. The compensation

10 The valve chamber 3 comprises a first valve seat bore 6 as a connection from the
pressure line P to the valve chamber 3 and a second valve seat bore 7 as a
connection from the operating line A to the valve chamber 3. Further, a free aperture
8 to the tank line T is formed at the valve chamber 3. The first valve seat bore 6 is
located directly opposite to the second valve seat bore 7. The free aperture 8 is also

15 formed as a borehole, wherein the borehole of the free aperture 8 is arranged
vertically with respect to the first valve seat bore 6 and the second valve seat bore 7.
In addition, a diameter of the first valve seat bore 6 is considerably smaller than a

diameter of the second valve seat bore 7.

20 The valve spindle 5 has a split structure and comprises a first part 12 and a second
part 13 being screwed into the first part 12 and thus fixedly connected to the first part
12. The second part 13 extends from the interior of the valve chamber 3 through the
second valve seat bore 7 toward the solenoid 4. The first part 12 is disposed
completely outside the valve chamber 3.

25
The second part 13 of the valve spindle 5 comprises a first sealing surface,
embodied as a convex surface 9 (see in particular Fig. 16) on a side thereof facing
the valve seat bore 6. Said convex surface 9 is formed by a ball 10. The ball 10 in
turn is embedded into a face side recess of the valve spindle 5, in particular of the

30 second part 13. In addition, a shoulder is formed at the valve spindle 5, in particular
at the second part 13. A valve pressure spring 14 is supported on said shoulder. The
convex surface 9 is arranged within said valve pressure spring 14. The valve
pressure spring 14 is further supported at the front face of the first valve seat bore 6.

Said front face can also be referred to as sealing surface or lateral surface of the first



23 spring 33 is supported against the volume compensation piston 32 on one side thereof and against
the spring bearing 34 on the other side thereof. The_ front face of the spring bearing 34 is screwed into
the base housing component 26. 5The hydraulic 3/2-solenoid control valve 1 is constructed
substantially rotation- symmetrically with respect to the longitudinal valve axis 38. The pressure lines

P, the opespiingdinasofeandshe tankiingsangbiiens yrdpuiaiefemeaidrotiny MM metvaTse

pressure line P and the operating line A end at respectively at least one position on the circumferential

surface oiRMdIgasd g LBWRIShEIR 5B!eROIAI¢ pBLRSTE-arerRigRdh stesBY ARS WS HB A Said ring

channelsop arigyseriRg firsh\Rifiagseedls#.avhen the 3/2-solenoid control valve 1, embodied as a
cartridge valve, Is inserted into a corresponding receptacle. Fig. 15 shows the hydraulic 3/2-solenoid

control valve 1 according to the 15 embodiment in the energized state. Herein, it is clearly visible that

the \mlvemninglecz oyrpvameeskis: theréeft apmpares piftad|ssinasani el hichtis&conseparntly, the
operating line A is directly connected to the valve chamber 3 and thus with the tank line T and the tank

compartriBMPIEERARESARGRPOUNG SYLREREPOPHIEHBSR RO BYsSHIdRRE Ly YKL of the

bgll 10 imgﬁleﬁirweat bggﬁcﬁ @Edéﬁ aagh@r@ﬁfa@anqtllc?@nmtg%}w tﬁ@o\lrﬁlvméh@mhple%gﬁg- 16
shows a detail of Fig. 15. Based on this illustration, particularly the differential-area-ratjo can be
olama T GRS e At ) SRl B e P G HED FURIE oL B ot D st

bore 7 angifeusiig tkafigcene1gizepudreplyato apiiosesbadwn/iie gsddk. Berehpvanin fhigrelfitiihe valve
spindle 5 comprises a sealin diamet(% D1 at the g{boove rin% seal 25. The second valve seat bore 7
e

has-4n in?ﬁei?lﬁi QRPBEING, ?e@i B ERRRERLHR ?o\‘ﬁ‘)(\—feri Baég F58-and the second valve seat bore

7, the valve spindle 5 has a smallest diameter D3. When the second valve seat bore 7 is closed, the
pressure jn the operating line A acts on the following 30 surfaces,of the valve spindle 5: The first
Curtace  BEISUSERIDg (ESIOHSORA QBIb3f 27 YA Wit POl A E8iGuntted BS (9404 - T0 -
(D32/4 * iB)widuadatheuiatichanthr fust Buhact s soraleréas. thrsacordsyriscantd enepssasing

ts fa the right in the shown illustration, when th d val bore 7 is closed. 24
erowittClhel it AUy o7 GFR DR S OGS S et 18 BRI 6T second

valgs seataebdrehole is formed along the longitudinal valve axis 38. Said borehole forms a
linear guide 19 for at least a portion of the valve spindle 5, in particular a portion of
the first part 12 of the valve spindle 5. In an energized state, a gap 20 being as small
as possible exists between the pole core 18 and the armature 17. In the de-
energized state, said gap 20 is larger. The solenoid 4 further comprises a connecting

20 line or voltage supply 21 for connecting a control unit to the hydraulic 3/2-solenoid
valve 1. The armature 17 and the pole core 18 are embedded into a sleeve 23.

Further, an insulation 24 exists between the sleeve 23 and the coil 16.

The pole core 18 and the armature 17 are arranged in a so-called armature space
25 22. Said armature space 22 is located within the sleeve 23. The operating line A is
sealed with respect to said armature space 22 by a specific seal, in particular a
groove ring seal 25. Said groove ring seal 25 is arranged between the valve spindle
5, in particular the first part 12, and the pole core 18. A connection channel 15 is
extending within the valve spindle 5. Said connection channel 15 connects the
30 armature space 22 to the valve chamber 3. Since the valve chamber 3 is always
freely connected to the tank line T, also the armature space 22 is always
pressureless. The connection channel 15 is formed by a longitudinal borehole along
the longitudinal valve axis 38 in the valve spindle 5 as well as by boreholes being

vertical with respect to the longitudinal valve axis 38 from the surface of the valve



Based on the fifth embodiment, it was explained how a hydraulic 3/2-solenoid control 5 valve 1, in
particular with a cartridge design, can be formed fc%%an operation free of leakage oil. In the
de-energized switching position, shown in Fig. 14, The side of the valve spindle 5 formed as the cone
surface 11 is pushed into the second valve seat bore 7 of the operating line by the pressure spring 14

and thereyiitRlosks theeCRitpelnAf saiddinarvytbsrensie! o teetEfkd nsplit bl masingie On the
magnet 10 side, the valve spindle 5 is radiallPé formed with a groove ring seal 25 with respect to the

armature@ R PR AR s dRIiRG Giche 151 'BPHRIINEL BRIENR'S RTaREHERRABII G LR 22 is

larger thagrigieusReanshyavaxes aBhasé thearawélsgieiie msults a defined area ratio between the
cone seat and the sealing diameter D1 of the armature space 22. If the operating line A is pressurized,

a differential force is 15 generated through the area ratio between the operating line and the sealed

armalureTIRAGE 48 hish dorceopulisdbe yalue SpinaianD leuvand e seiEno R4 aar ewRdmaddition to

the elastic force against the second valve seat bore 7. The sealing effect increases with increasing

pressure IPHE DHEHAHRY FRECAOTYRIG AR is BEFE 2By on IR YA e HHEPE sWRERingy against

the elastigrfareecpbiscdittereatial 2Rfpreisinseyen®dobeihis Fositiomaha e shimbae B. angethe tank
line T are connected to each oéher. In tpe nergized switching position accord?‘nf%to Fig. 16, the
i , TRl

operatind WHEAKIIS SYésSRienoid continvaive, dive SiHGE g Anprranle gséille line P
25 in an aitighiy nexeesiag apstishaisiastisdfoscahd csHoier £opneeigddhipegidberiressvee line P,

e.g; the lock compartment 61, can now be effectively sealed until the rated operating pressure is
reatHed. AMBRCIRTRY Arods FORCHEBE L S o RRRABETORLE FEEEGHRAG BERRRIN, the
operatingriggrtA2g cennacieddeoihenieadtdisetlewiinauarassctianmbarenddy: NE7praseuUrg ey a
small dynamic 30pressure can build up in the operating, line A. The emhodiments of the proposed
720l DTSR SEHELenrs AR SRS HETTHE oy LIt 108 AR Bl OE0E LSBT,
independedtdremishecraréitee design amthéndepgsldantofitheonuiziieg of liseleaoid/of, svéiabiog
positions. 25 In particular a combination of ball seat and cone segt_jn a valve, in particular on a valve
Cpindie, SATGrSHETIEL SRR SRRt AN ELAIBRGT JRREr A SRS (1 oo
15 housing component 26. For this purpose, an internal thread is formed at the base
housing component 26, and a corresponding external thread is formed at the
extension 29 of the solenoid 4. The individual housing components are sealed

against each other.

20 In addition, the housing 2 comprises a cap 30. The cap 30 encases the solenoid 4

and sits on the base housing component 26.

A drilled insert 35 is formed inside the first valve chamber insert 27. The first valve
seat bore 6 is formed in said drilled insert 35. In addition, a filter 36 is arranged in the
25 first valve chamber insert 27. Said filter 36 is disposed outside the valve chamber 3

and in the pressure line P.

In addition, a volume compensation unit 37 including the tank compartment 31 is
integrated inside the base housing component 26. Said volume compensation unit
30 37 including the tank compartment 31 comprises a volume compensation piston 32,
a compensation spring/length compensation spring 33 and a bearing 35 for the
compensation spring 33. The tank compartment 31 is connected to the tank line T.
The volume compensation piston 32 defines a wall of the tank compartment 31. The

piston 32 is slightly spring-loaded by the compensation spring 33. The compensation



5Based on Figs. 17 and 18, the constructive design of the solenoid control valve 1 of the door closer
according to the sixth embodiment is now explaineégin more detail. Both figures show the
de-energized switching position with an open pres§ure line P, as shown schematically on the left side
of Fig. 13. Identical components or components identical in function are designated with identical
referencespHmerads i shihpth @b egiaestshis Rartisidacdhpernvd ¢asisal v2lvenl ssedsiyéhe sixth
embodiment corresponds to the solenoid control valve 1 used in the fifth embodiment, except for the

differenc oL ABYPRARS IR WY QR HIhIf e Py Sige ersal iheran thecopkrating
line A arehdpitaerbaaerg Buthessirdvempadime Hermeusddatingiieamimdiment. This means

that the operating line A is always connected to the valve chamber 3 through the free aperture 8. The
connection between the valve chamber 3 and the tank line T is controlled by the second valve seat

bores/ anchthengarguiing Jerasierdid cadgisionatbe VRIVE sRindirietelithaipkidhaalodsngamrs formed
in one piece. Further the_Hpqath 20 for the pressure compensation between the armature space 22 and

the tank YEYPRILFANEPIMHRSBSRHG oo idneh VAl Aty 38 thBR RERSSSOIRER t: 1B€rein, the

connectigpdfattpiimes AnadiheIafRliBlesETbelvwesy dewiaterabiiesnacediiendyhmiamyline T.
No boreholes are required in the vglve spindle 5, The connection 15 js formed as a flat surface on the

valve spiﬁ&l"e Br'ee ?o';'PrﬁrB e VAR QRBIALROLIAE At Wg’&ﬁPﬁFH\S‘EﬂM&%,‘%V&%%@% 2 in the
solenoid yalvrel Genatdine thidhe sifdbe ahpiinperkihdasiagecopapeeiwhats metahis hsowalva, chamber
3 is no longer structured in two parts jncluding a first valye chamber insert Zﬁan_d.a secorld valve
300 m I8 AT ST e R AR RGO R SRARS M SRR 206 The
solenoid wakasiaspPddngeigoitectmirt), icandesitib dgigtbadimeateriadgdesloer Wosss dddcmto

preferably be used in all embodiments of the door closer 41 proposed herein. 5Fig. 19 shows a door

closer ac c%‘riFFgSR?Q BOdREPRIABSdiment. Identical

Fig. 15 shows the hydraulic 3/2-solenoid control valve 1 according to the
15 embodiment in the energized state. Herein, it is clearly visible that the valve spindle

5 was moved to the left compared to the illustration of Fig. 14. Consequently, the

operating line A is directly connected to the valve chamber 3 and thus with the tank

line T and the tank compartment 31 via the second valve seat bore 7. The pressure

line P is blocked by the seating of the ball 10 in the first valve seat bore 6 and is
20 therefore not connected to the valve chamber 3.

Fig. 16 shows a detail of Fig. 15. Based on this illustration, particularly the
differential-area-ratio can be explained. It shall be noted that said differential-area-
ratio is used upon a closed second valve seat bore 7 and thus in the de-energized
25  valve position shown in Fig. 14. As shown in Fig. 16, the valve spindle 5 comprises a
sealing diameter D1 at the groove ring seal 25. The second valve seat bore 7 has an
inner diameter D2. In a region between the groove ring seal 25 and the second valve
seat bore 7, the valve spindle 5 has a smallest diameter D3. When the second valve
seat bore 7 is closed, the pressure in the operating line A acts on the following
30 surfaces of the valve spindle 5: The first surface is calculated by (D2%/4 * ) — (D3%/4
* 11). The second surface is calculated by (D12/4 * ) — (D3%/4 * rt). Due to the fact that
the first surface is smaller than the second surface, the operating pressure acts to

the right in the shown illustration, when the second valve seat bore 7 is closed.



components or components identical in function are designated with identical reference numerals in all
embodiments. The assembly for avoiding a so-call g rebound of the closer spring tension piston 55
proposed in the seventh embodiment can preferab%/ be used in all embodiments of the door closer 41
proposed herein. 10 Fig. 19 shows an embodiment of the third check valve 68 in the closer spring

tension pisierchitRs mePrkIgdogdad eleskhNalya.4T e Wri@ﬁi%@%ﬂ@%ﬁ@sﬁjr%im 42, in
particular inside the second door closer housing part 44, in which the closer spring 56 is arranged, is

herein reR3HEE 1BI9<NGRF LN YR S5ARRRYELRg space 15 92. Said closer spring accommodating

space 92 is a space which becomes smaller during the opening process of the door, since the closer
spring tension piston 55 moves to the right. In additjon, FiE. 19 shows the fourth check valve 69 also

as a sprimpReHen BRER SNborineRid i BSIEXRIANBL RO A HIEERHIC fRIg FIRNHIE furol
compartrygiebi, i EIRseHAPr AT AaFIRENASEHNg 6RAGRY3rTiae fourih 2Aheheskivake Iicks the

hydraulic flow from the closer spring accommodating space 92 into the tank line T. When pressure

builds up'FR RS FoBR: dBnRRAGENEY 129 TR IR RBEICL SHGWE theFth, ¥y (AR SYI& iR air or

?so the Kyﬁwgtﬁi@irﬁw@f@gg@ﬂmgaﬁ@dc&%ﬁgﬁﬁaﬁé?m ?ymgbrg@auhﬁdnmwredlwﬁgé&t}volume-
e Sprl g tension p ston com nsates tnhis loss of vo ume, hgwever, perrorm m S Sequent
stroke. FIRIR, 8! ADECPRETRIN ol Piclas, BESSSHE SPERGoAS <R VS B BIPERR A8, The

assembIy:@hﬁwiHh%ﬂﬁ&wlrm%lmmtb&p@l@@w@igytaummmﬂbﬁ&ﬁgﬁta?]mamﬁ?l]n. Eaiﬂr?w%qﬂr\]é@v:(et |

pre-pressurized, from the closer spring accommodating 30 space 92 through the. third check valve 68

il e g A A i A e e et ol Ll s g

similar totae ap@atgedsprieR2s Mengeakly generatadDin atigido/aias Esnvidrauliseilenddo

obviate the comPression-sﬁgé-begaviourg?l?ac}l/rewgue of the fourth check valve he h\ﬁﬁaut ic oil cannot
S,

' 9
escape PRI %I&?é\'cgp g'ﬁ 8695 irf espsftfé)gg t%%\égd%%ttgﬂl!’(ez IiT1 °fe éehydraulic
oil is biasediitéhe disftsspriiog aatornatadainghepacad 2dut thedcibeessaling thasietepiBtorobS during

the opening process and flows jnto, the lock room 61 with a specific pre-pressyre. Therewith, the
undesiol TR ECORE 2o r, QR 8 EEHIES. thiBTBRRHE i AL IRE AN oreeh
speidficatiene @@ @tdvilesh ahecsewagrtnithestwesatiahe Rysdesably lihésprovitkedghrid e fiarmgving
assembly is formed as a sliding-coypling 10 which exclusively tra its compressive forces between
tho closeP AT an e ISR A0Bnil LY SIS R GUTTLIOR, HOARaH oAb GTey exist
between #Hoelitloseo shengasid teqeisigaiassembiecbherotive, seslidiogecdnmeeticndiiny efffeably used,
which exclusivel tran§hmits compressive forces. . . . .
Increases with Increasing pressure in the operating line A. The solenoid 4 is
preferably configured such that a switching against the elastic force plus differential
20 force is prevented. In this position, the pressure line P and the tank line T are

connected to each other.

In the energized switching position according to Fig. 16, the operating line A is
pressureless, wherein the valve spindle 5 seals, with its ball 10, the pressure line P
25 in an oil-tight manner against the elastic force. A consumer connected through the
pressure line P, e.g. the lock compartment 61, can now be effectively sealed until the
rated operating pressure is reached. Said operating pressure is dependent on the
magnetic force. In this switching position, the operating line A is connected to the
tank line T without pressure. Therewith, no pressure or only a small dynamic

30 pressure can build up in the operating line A.

The embodiments of the proposed 3/2-solenoid control valve are applicable
according to the invention also for other valve designs, independent from the

cartridge design and independent of the number of lines and/or switching positions.



15Preferably, the free-swing assembly is arranged between the piston rod and the piston assembly.
As an alternative, the free-swing assembly is prefeégbly arranged in the piston rod or between the
piston rod and the closer spring, in particular betw&eén the piston rod and the closer spring tension
piston. 20Further, it is advantageous that the free-swing assembly comprises a first front face

arrangedme‘ﬁgqaﬁ’(ljma{ita Eﬁﬁﬁ@ﬁiéﬂdh%bﬂﬁit@aﬁm@w!@@eﬁiﬁwa@d/é)l%‘,giﬁﬁ%ﬂb{(ﬁﬂﬂﬂ@ﬁt@ to the
piston rod as well as a second front face in parallel with the first front face and fixedly connected to the

piston as¥@dIFRINEFeiARMY YedbiSd R FALRlRESSH At #E fiRRRHGAPShd AhuStHEEQYRIESSWhen the

closer spgeigllagkethdSByengans of two abutting and lifting front faces, a very simple and efficient
free- swing assembly can be realized as a sliding-coupling. Advantageously, a pocket is formed in the
piston assembly, wherein the piston rod is guided movably within the pocket. As an alternative, the

poclet canalsd be gRet738Hn e snsiregtensieneitiesighn af fthéhesateitatbenenlving thefpiston
rod is formed of two parts, wherein, in this case, the one part of the piston rod comprises a pocket

opening IR AAThE R JitdeRPA LIt IO P Kk SR YHEMRAEIH R WG IIHR'YEsh Fo R BiSEHRL in this

pocket toEmHTRyARlS Shevirainsadant dittalieitdSimygfesaiy, WiehdaebpleagiressiRESgf P,
additional piston guided in the door closer hou?ingﬁetw?en_the iEisto asserpbly and the piston rod
and fixeoigcénﬂweﬁqg%ﬂg‘ﬂ??t Ay, Weersh RYArQir6i tale-is! A5HER a LB ionaPpiston.

The pistatbragdichtbecraiianial fissibararixeddigerasaciat idaritiey ablieysmowovahgeeihar along

the longitudinal doqr closer axis. In a preferred embodiment of the additional piston, it is provided that
e el GTOANE e DS IGH B f16 SRR BRI BNRod pHAEIN 08 BTGt axic

perpendienidoidirientongitvedpaliizor tlosee axssidavritodhifrpivoiaharangesntin  the fifth
embodiment, except for the differences described in the following.

As shown in Figs. 17 and 18, the tank line T and the operating line A are
15 interchanged in the sixth embodiment compared to the fifth embodiment. This means
that the operating line A is always connected to the valve chamber 3 through the free
aperture 8. The connection between the valve chamber 3 and the tank line T is
controlled by the second valve seat bore 7 and the cone ring surface 11. In addition,
the valve spindle 5 of the sixth embodiment is formed in one piece. Further, the path
20 for the pressure compensation between the armature space 22 and the tank line T is
shorter in the solenoid control valve 1 according to the sixth embodiment. Herein, the
connection 15 is formed as a simple flat surface between the armature space 22 and
the tank line T. No boreholes are required in the valve spindle 5. The connection 15
is formed as a flat surface on the valve spindle 5 or by forming the valve spindle 5 as

25 apolygon.

In addition, the valve housing 2 in the solenoid valve 1 according to the sixth
embodiment is designed somewhat simpler. The valve chamber 3 is no longer
structured in two parts including a first valve chamber insert 27 and a second valve
30 chamber insert 28. Rather, only one valve chamber insert 27 is used in this

embodiment.



10possible forces, which do not extend linearly to the longitudinal door closer axis and could therefore
result in a seizure, are prevented. In addition, it is preferably provided that the connection between the
piston rod and the closer spring tension piston is fg’ﬁued pivotally about a second axis perpendicular
15 to the longitudinal door closer axis and the first axis. Also due to this pivotal connection between

the pistorr redsashibiel Gses REBHdRTPIRNRIS T & PRERIBIGSSIZIT & IR RS aNABIRY- AN thasgdra
non-locked state of the lock compartment, the closer spring can act on 20 the piston assembl

through 495185y FHRLREIRRYABNFEY I @lerrhedunrn SO AtdReIf9aE HRSFedsRiRRC ling, or

in the oppeasip, direction, the piston assembly may act on the piston rod. In this state, a normal door
closer operation exists, in which the closer spring is manually tensioned and, upon release of the door,
the closer spring moves the door back into the initial position through the piston 25 assembly and the

outpgt shfy. In gasmdipveyerdoe drseispidaergifydiaulicalyrsrrrtegdadibyeeneraigngealsolenoid
valve, the hydraulic oil can no Ionger flow from the lock compartment. Consequently, the spring force

can no IoHYEPABEBI Y plRGHPR ARG LI SLRFUNING RadGRIINRY t¥HBordeNSSaE. when

th_eht_ioor: iﬁm@m@@;llyﬁm@eﬁ%rlqm He @mla)@mfdr'r]qg.zaﬁk?_graggéiﬁﬂsf_ecéi?_rﬁ%%t?ﬁjng, ékmqa@d@iston rod
within the free-swing assem , N articu ar W|t_|nt e sliaing-coupling, lirts o rom the _|St0n
ssembly CPAUTHILNE, SImet, SRR AR RSN B AREHRSEL D this SR tharbei ReMorms a

small strekey hrefdedblg iearsudng assaniuyiashistaole befvweatidberfiyst fropbiaee mndithe second
front face is generated, which distance corresponds to the stroke. The returning motion of the 29

pislj(% assembly due to an anew opening of the door occurs without force, which corresponds to a
free-swingigunetisno s rines misadiah opesinpaatiiralesivckroatensfithael olose e eipringoe asiil locked

lock compartment as often as desired and without force in the free-swing-mode. Onl on release of
(e ook BUSLTA B At U oae TR kN oL PR Fmae A ae ianey RO fret
front face4is, hropghidotarahsisiketiievibdbrdseoonctioeet facasmihpdreerswingvassenidycisskihe force
of the closerﬂigg%%q.is transmitted tg the.door thg}igh the piston assembly and the, output shaft.

: I olBeT e TR

TherewitfPl P YER0RS LASGIPRh SO AR AL SPEE on being
required.gdl) Beddperissiespembediotenimddatngvspedéhe tisesostrisestichobepisessasraaitehaped

rolling contour, in particular a cam disc, and that the piston, assembly comprises at least one_cam roller
abuting GHIG R GREEL P BES TR IBEARE: A0k GRS SRRV HRE J6BS 9P SIZR 5Bars due
to opticalmeassn® kherdght 1ntadiidtarcigudy chiaivsaticorfdartabihepenadios, 6€. Asteersasing
opening resistance por decreasing opening. moment ypon increasing dopr angl| cam technology is
orotoran T GRS (oD ElEer N AT VAR ARES T G o e e B the
force betigekncive pastore asBAmipiyo athe: to seitpsprigfafdmmodating space 92. The fourth

20 check valve locks the hydraulic flow from the closer spring accommodating space 92

into the tank line T.

When pressure builds up in the lock compartment 61, all elastic members arranged
therein, e.g. seals, residue air or also the hydraulic fluid, are compressed
25 accordingly, which results in an undesired loss of volume. The spring tension piston
55 compensates this loss of volume, however, performs a small subsequent stroke.
Finally, the closer spring tension piston 55 does not exactly stop at the desired
position. The assembly shown in Fig. 19 reduces this rebound by pumping the
hydraulic oil, being actively pre-pressurized, from the closer spring accommodating
30 space 92 through the third check valve 68 into the lock compartment 61 during the
opening process. Therewith, a relative opening resistance, similar to an opening
damping, is intentionally generated in order to bias the hydraulic oil and to obviate
the compression-set-behaviour. By virtue of the fourth check valve 69, the hydraulic

oil cannot escape from the closer spring accommodating space 92 toward the tank



In a preferred embodiment of the piston assembly, it is provided that the piston assembly comprises a
damper piston including a first cam roller and an opgning piston including a second cam roller, wherein
the output shaft is arranged between the damper p2 ton and the opening piston. The cam rollers of the
damper piston and 25 of the opening piston have to be in constant contact with the rolling contour,

and thus|ied qn iSO IBRAIFAYICVGIER BiasudRHitRBalldSePiIRry HitiHbJRNYRYdpacirke is

generated for the damper piston and the opening piston. On the longer side of the door closer housing,

the closeP%MRRGICI5ESPHERIGHIRPISIRRIAG Fi59 AR BREPISHRTRES AL IKE B8 ifereof,
the hydragliralysfestiveviRnzpepfifiispre-isrdisnlasedHayedinplachtg thridsmererelsandthe
hydraulic volume is displaced, such that the door velocity during the closing process is controlled or
braked b PREXIRBMIEEED throttle valves. In combination with the force of the closer spring, a
resugant force is generated through the cam geometry of the rolling contour, which force generates the
opening and closing moment by means of the 30 corresponding internal lever arm. In order to design

the propdedd§bor B8 sdP LM 1EPTPRBESSIe e JHEMRSHistREShERHEEnEr RERYIfar

preferablyaysemagttdntidespreifisoray: The damper piston is disposed on one side of the output shaft
and the opening piston is disposed on the other side of the output shaft, such 5 that the output shaft is
arranged between these two pistons. Consequently, no direct contact is possible between the opening

piston ;rﬂr&@r@f@?pm@i@ﬁ@_ﬂidéat;ﬂmm@dﬁeélegwwgsw@% G sopmef taﬁ dt?nﬂ rlgsesupiavides that
a compination o t Tu Ctlons, 1asin the c oser rin n ampening the closin proce S, IS not
dirdly pHOLEREXRHAMNEN: HBR DS RO TR St R PEWESTLNE SUSSEL PIBR,ABRLe

"free-swipistdhesstumbdgurestatahetiswnepimendithdiixsingwidestisineed)e indiona@ieas are

d tely within th ing..F ison; f widely. designed floor d
Closers, i RSP NeA ) prBSIRSh 55RO 4G Qo ST B0 otz the

closer spprigdriasinasud thieiclampingiusotioamsmiticoassrdxsiveVieicaso-called tab 15 carriage is
used, which surrounds the cam contour including the two rollers supported therein and secures a
constant monitoring of the cam-roller-contact. Upon use of said plate-carriage, no further

corigider#tiensrabtyretdrédéos sy ring dmbieisaacaritgeri chotaeidre e epistentwodpisiehsies the
piston assembly and the rolling coptour. However, such a plate-carriage cannot be used in integrated
B 20 e R R EE N Ao R S B o e i e U e APt AR A wsimg
cam techihelqgstahhasl tor e twesit eedibairsroall st kes alodéhspsnplivpanmeuthsiiaosawnts with
simultanepus hiﬁ)h ten rce requirements are reserl}t which is a disadvantage compared to the

ile f .
common T4cR3 J‘-ﬁ%fol y yﬁ%&% CSte E%B%J TR g'f‘nerefore require sustainable bearings and

elaborate 25 hydraulic component arrangements. In the following, two variants are disclosed, which
enalle that the two separated pistons, the, opening piston and the damper piston, always have a
Cloanc WU P TSN R I oLt 8 P LB (PO B b o ce
compensatianggulivgstiddily seidondspeand ubes pnegisidia dpdogscidieh &xigagelduadefixettlg opening
piston and/or the damper 30piston. Preferably, it is provided that the damper pjston.and the. opening
piston arE AR HEER AR Rl LOHoB SRSl B ARl L0 g G B VA et on
both sidesmfttfeceugmd Sinatiynoahirenttedntachizepiston thesentbly pisteneirs the second front
face lifts off from the first front and thus decouples when the closer spring is locked.
25 By means of two abutting and lifting front faces, a very simple and efficient free-

swing assembly can be realized as a sliding-coupling.

Advantageously, a pocket is formed in the piston assembly, wherein the piston rod is
guided movably within the pocket. As an alternative, the pocket can also be formed
30 in the spring tension piston. In a further alternative solution, the piston rod is formed
of two parts, wherein, in this case, the one part of the piston rod comprises a pocket
opening toward the longitudinal door closer axis and the other part of the piston rod

is disposed in this pocket to be movable in a translational direction.



31 possible. The tie rods enable a connection of the two pistons, which can be assembled and
manufactured easily. In addition, the use of a plur?éy of tie rods results in an efficient prevention of
twisting of the two pistons about the longitudinal d&or closer axis. 5 Further preferred is the use of
exactly four tie rods. The four tie rods can be distributed evenly across the cross-section such that a

constant prasfsralssiotef detsed® poseibiepASka amaidgiien priemesLareboimrRNEdbisdoewded that
respectively two of the four tie rods are arranged symmetrically with respect to the longitudinal door

closer axOUSHI RELNEFRINR ISR AS SR RIMGHLINFOPIILBI B AUE BRANHPORRE s i8nce to

the outpuhshpfstdm Radicuiabriig el tisstofsAreagl a80RArEGosRarROAaNITIDRAINFRIIIURFR The
output shaft passes through the section point of the 15 diagonals of said square. Due to this

arrangerMsHO A b HIRECBAHLRD AR RETHIES BHE JHFEFLY GERRESHhe! SpetiRY AIABHSaHPHR

damper pisgefmevhidhtianemisgiandm dirgstrtiosearaliel with the longitudinal door closer axis, is
possible and a seizure of the piston assembly is prevented as far as possible. 20In a particularly

preferred embodiment, it is provided that two tie rods are arranged above the rolling contour and on

EotE s?gem@]g H\h@f@nt@utéﬂa?daﬁdgmh@f &u{]@ﬂ@ddimdsl?%mi@oa?r%ngqﬁﬁmm %f@ﬂ@@@ﬁ)ﬁ@%ﬂgﬁnd on
oth siaes of the output shatft, suc t the overall height ¢ e roljng contour Is arrange etween
the two (RGN, L S thESH8IOWAS A PUIR BB NSTOTS 1 PR, BRSPS A BBl the 25
cam portissyeé e (eding aprtaohdginedneanplete lad@anrigymidhe rellngicompureaybmearaintained.

Preferably, it i ided that t ist I ' t least two int dcl
cortensbEn RRRER P RIS 18 VB DL A Al ey 15 <AEl PR are

tensile-logglgid ityemeans rektiicinlaaieinceserpproatinesprings, in order to compensate for a
clearance between the rolling contour and the cam rollers. These two tensile-loaded tie rods provide
for a clearance compensation between the cam rollers of the two pistons and the rolling contour, and

the otheritwaddition, it is preferably provided that the connection between the piston rod and
the closer spring tension piston is formed pivotally about a second axis perpendicular

15 to the longitudinal door closer axis and the first axis. Also due to this pivotal
connection between the piston rod and the closer spring tension piston, a possible

seizure is prevented.

In case of a non-locked state of the lock compartment, the closer spring can act on
20 the piston assembly through its biasing force via the piston rod in direct pressure
contact inside the free-swing-coupling, or in the opposite direction, the piston
assembly may act on the piston rod. In this state, a normal door closer operation
exists, in which the closer spring is manually tensioned and, upon release of the
door, the closer spring moves the door back into the initial position through the piston
25 assembly and the output shaft. In case, however, the closer spring is hydraulically
arrested, e.g. by energizing a solenoid valve, the hydraulic oil can no longer flow
from the lock compartment. Consequently, the spring force can no longer act on the
piston assembly, after the closer spring was manually tensioned once. When the
door is manually moved from the open position back into the direction of closing, the
30 piston rod within the free-swing assembly, in particular within the sliding-coupling,
lifts off from the piston assembly. The piston assembly itself moves, driven by the
door and the output shaft, and performs a small stroke. Inside the free-swing
assembly, a distance between the first front face and the second front face is

generated, which distance corresponds to the stroke. The returning motion of the



32 diagonal rods serve to prevent twisting and therewith prevent tilting moments and related friction or
seizing of the opening piston and the damper pistog, Preferably, the clearance compensation springs
are arranged in the damper piston 5 and/or in the g%ening piston. Therefore, no springs engaging
from outside at the piston assembly are required for a clearance compensation between the cam

rollers angldtmrelissnseRieiile tBesaife e pisitiyasrenb iiddpesceat avieneup g sierpaliaergainst

stationary portions of the door closer and can itself secure the clearance compensation due to the

internal AFPAFRFAABAS 8P R TERSUHICIBAFIE: THESRIERELH PREAREAN LIV EPIRAS R, the tie

rods protiheeiByeBebUNasieRseEnE I6BRIEHKIBOrAPHABT N hE JIRdRasleRanGE SaMmAahsaiion
springs are formed as pressure springs and press agfginst the ends of the tie rods, such that the tie

rods are [BH&I 6 [BSGV A MAEr EHUX BPRHLTEIERSMEE LSPEhSRMORAEINRES 18 SiRR5Srted

agaigst thp R eRg Histestordiadianmerapistosalda e has ebte tieeraes RYNeite tRNBisugaded are
respectively screwed fixedly into the resE)ectiveI chn%ﬁé)iston. As an alternative or in addition to the
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Sprlng IS configured for a clearance compensation between e rolling contour and t Irst cam roller
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output shafidigbrizliheiubliaeieferaig reyided that a second pressure spring is arranged between
thetq’o\ggening piston and the piston rod or between the opening piston and the additional piston or
between the opening piston and the separating wall, wherein the second pressure spring is configured

for a clearanrceresgarpensaiidodeteeerithe Fovilbagthantoy anthinessedondeqngedies. das-second
pressure spring, similar to the first pressure springs, provides for cbeara ce compensation between
ol ; 0 b

the cam rBI&P @%Iﬁﬂatggﬁ’tonr. ey Iy‘?‘t fits Et‘és?u ﬂhé F5 e &R ressure
spring is/esenyyeekseroUghssushethadrinay e nab itngnsinamydoraliagodbataid. Door closers

including sliding rails have prevailed in the last years due to optical reasons. In order
15 to simultaneously obtain a comfortable operation, i.e. a decreasing opening
resistance or decreasing opening moment upon increasing door angle, a cam
technology is preferably used within the door closer mechanism of the inventive door
closer, in order to transmit the force between the piston assembly and the output
shaft.
20
In a preferred embodiment of the piston assembly, it is provided that the piston
assembly comprises a damper piston including a first cam roller and an opening
piston including a second cam roller, wherein the output shaft is arranged between
the damper piston and the opening piston. The cam rollers of the damper piston and
25  of the opening piston have to be in constant contact with the rolling contour, and thus
roll on the rolling contour when the output shaft is rotated. Therewith, a working
stroke is generated for the damper piston and the opening piston. On the longer side
of the door closer housing, the closer spring is biased through the opening piston
and the piston rod. On the other side thereof, the hydraulically effective damper
30 piston is displaced. By displacing the damper piston, the hydraulic volume is
displaced, such that the door velocity during the closing process is controlled or
braked by means of interposed throttle valves. In combination with the force of the
closer spring, a resultant force is generated through the cam geometry of the rolling

contour, which force generates the opening and closing moment by means of the



door being perceptible for the user, but only provide for the clearance compensation in the cam

mechanism. In a preferred embodiment, it is provi?%d that an additional closer spring is arranged 5
between the piston assembly and the piston rod orbetween the piston assembly and the additional
piston or between the piston assembly and the separating wall, in order to load the piston assembly

slightly toysaresihsnelpRj e diregh Ra e apni) ﬁﬁeQﬁwmgtmaégi?th@irpms@@@iti@@@} @Ry SREING is
weaker than the closer spring. The closer spring fulfilling the fire protection function and bei
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desirable that the door closes after use, however, not with the force of a strong closer spring used for
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so-called second pressure spring for a clearance compensation between the cam roller of the opening

piston arcPHETHIMELSHRIGRFYERR DG FREHBERSIAN SEKhHELFNERRS IR sk YERly

replaced dlgriberagistisanaliiclnae deplgrg of\thaneiéeroRtee, phey ks ahRistoborabRTARbNIBENYRhtie rods
and clearance compensationg]sémé]ﬁs can be 20combined with the addiﬁional closer s rin_%. The door
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wherein gigésyrepdasipieggtiipat@easinsionaed reaveealithgidaootloserHyemaing aagkihgrpiston
assembly on a side of the pisto asstembI¥ 25 .facin%lﬁwaéfrom theé)istorbro : Hn aarticular on the side
of the daFHBEF%%tJFFQ'ﬁ}Q’E@erihﬁ[‘?:(%?rolwgﬁo RaEe14an ﬁ‘%s gFes'IR ﬁ@glgéﬁ?é’damping
compartreigigeantdn filveckiskatoarpagmaet. Ihins@ensishesaisd) vaive enaldes sasivdrawinally seal

the lock tment. Therewith, the cl ing, bigsed, | lax and th
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compartrgentiamgainovidesuienreteasgstiagd shie clogecispsingutanlislsgatie tiegrstoe asseebly and

therewith close the door through the output shaft, e.g. in case of a fire. 34 In a preferred emhodiment,
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20 very slender constructed door closers, as they are proposed herein. In addition,
when using a cam technology, it has to be considered that small strokes and thus
small volume displacements with simultaneous high tensile force requirements are
present, which is a disadvantage compared to the common rack-and-pinion
technologies. Cam door closers therefore require sustainable bearings and elaborate
25 hydraulic component arrangements. In the following, two variants are disclosed,
which enable that the two separated pistons, the opening piston and the damper
piston, always have a clearance-free contact with the rolling contour. A first variant
uses tie rods and internal clearance compensation springs. The second variant uses
pressure springs which engage outside at the opening piston and/or the damper

30 piston.

Preferably, it is provided that the damper piston and the opening piston are
connected via tie rods. Since the opening piston and the damper piston are arranged

on both sides of the output shaft, no direct contact between these two pistons is



compartment. In a preferred embodiment of the opening damping compartment, it is provided that a
first unthrottled connection is arranged between thg opening damping compartment 15 and the tank
compartment, wherein the first throttled connectio I]S always open and the first unthrottled connection
is either closed or opened by the piston assembly, depending on the position of the piston assembly.

The first yatyipidedepnnrctiyorefesphly antjarBtidie epaRBdaMBIEe FOMPBIEMesdhepueen the
first throttled connection and the output shaft. Therewith, the hydraulic oil can be discharged 20

through tAESRRREhARHMRBHIRSHERCRETHE (HhirddiiRRrHAENYSE (RE BRIy &ftHE SBERing
process eé&islapaefReSHEPIBVARESPOF SRBIPBETRS (RSYpRABIS AMbUt tRUIGHYItIRFHERNCe at

the beginning of the opening process. When a specific opening angle is reached, the piston assembly,
in partic he' Sy piston, closes the first unthrottled connection. Consequently, the hydraulic oil
can gnly be 25discharged through the first throttled connection into the tank compartment and the door
is damped shortly before it reaches its final position during opening. Preferably, the door closer

compriseSYRFhBF&HTORR d T diSe ith WhRIPE M it elhdRbSenhe (¥ XS BoRpartment

and the tapitriiumRRERSIN, derddBarEdlask sbetibi & lior thai@ itoihaahretiemtosoacdpogrrves for
dampening the door in the closing direction. 35 second switching position, the second line is

connected fird line and the first line is blocked. Therewith, the pressure line P and thus the lock
compartment are connected to the tank line T in the first switching position. The operating line A and

thus the closure damping compartment are blocked. In this switching position, the 5 clgser spring or
theldoselSpri 1EHSEN BIE(SH G0 HBBRAREare s RERKEIF BT rRECL A R G RTotT
deactivatgel.rBysoipekingaihgedpsyatingttinally, it hedimadictoitivandrryigihar grbd fromstheaxigsure
damping_compartment into the tank_compartmﬁnt onl\éﬁhrou h the further throttled connection and the
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compartment is connected to the tank line. Therewith, the clgsure spring is hydraulically arrested and
the freo- AL R4t S IR R b HoSafor RUGTD AUFe SR c R HoriChvt any
foras to thmpistansassershiy. Stoait@nedusly ttheltiloseardaggering isdeadiiaiedpnddhstaigton
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ransmission of force between the opening piston and the damper piston, which
transmission is directed in parallel with the longitudinal door closer axis, is possible

and a seizure of the piston assembly is prevented as far as possible.

20 In a patrticularly preferred embodiment, it is provided that two tie rods are arranged
above the rolling contour and on both sides of the output shaft, and two further tie
rods are arranged below the rolling contour and on both sides of the output shaft,
such that the overall height of the rolling contour is arranged between the two upper
tie rods and the two lower tie rods. Due to the tie rods arranged above and below the

25 cam portion or the rolling contour, the complete load capacity of the rolling contour

can be maintained.

Preferably, it is provided that the piston assembly comprises at least two integrated
clearance compensation springs, wherein at least two tie rods being arranged
30 diagonally to each other are tensile-loaded by means of the clearance compensation
springs, in order to compensate for a clearance between the rolling contour and the
cam rollers. These two tensile-loaded tie rods provide for a clearance compensation

between the cam rollers of the two pistons and the rolling contour, and the other two



15 freely movable and the door can be moved without a large effort. This embodiment of the hydraulic
control is the preferred embodiment. In an alternat'?/?e hydraulic control, it is provided that the solenoid
valve connects the first line to the second line in a fifst switching position, and connects the second
line 20 to the third line and blocks the first line in a second switching position. Consequently, in the
first switchiigopasiteds therpeess relieathwistiey eakocerBrariine ptéssan ARFg hid ieneperadng line
A of the closure damping compartment. In said switching position, the closer spring relaxes and
dislocate IR AYHRINR HilseHANh e Hik BRI RISIMAIH the ARPBRARISIRY position, the lock
compartment is set to 25 the same pressure level as the closure damping compartment. Due to this
addition of the dis|ocated o0il volumes, a very fail-safe regulation of the clgsing speed can be achieved.

The oil of BBIR"80A606 SlQAEANE EBMPBERTRYR PRI IFScRISLAL BRRRING dBm SATRER P Sther flow
into the tapkeAMPareepchrFIgision furhacioretting epmmreiienghdneycpor coaamming: the

compartment. In the second switchiﬁrlt% position, 30 the pressure line P of the lock compartment is
i

blocked, BIXAHRAISHE MY AGMRGHIFRAIA i LEAPAGR SRBPFRSAL0E AN AR WO LMY ERSIR

damping e RAENENING cemeciedtadhanrnk tine, pitbrinatterbnsudediampint avsing free-swing
is deactivated. 36 In a preferred embodiment, it i %\/i He&()zl{th t the solenoid valve releases the closer
ing-f [
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deenergigipaniveptineipkh shisoauarantecthéhpiiéhaadeor iereadit vEdBS efitharkneresrsiased in the
closer spring in case of a power breakdown. 5 Preferably, it is provided that a spring-loaded check

valvd is &P BRI M tock compartment and a compartment becoming smaller during the
opening process of the door. This space becoming smaller during the opening process is in particular

th dati for the ¢l ing. The spring-| heck valve locks 10 toward th
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the lock epmpgsimentkrisiordes telruestdee ctoapeapanion Foprngresstyefpanemdtian ipriwsioek
compartment, all elastic members cqntained therein,. e.g. seals, residue air or algo the hydraulic oil
tself, are PR PO ALY THReetai e iidsictan B Ui IR dORR oS I8 spring
tens®n pistaiedormpensates fentdys tisshef \@darhdwwevepepsHiomsspentdll sibseqppotteitioke.

This subsequent stroke is transmitted tq,the piston rod and consequently to the piston assembly, the
output STEVALTR 1€ A05 A BRI HNS GRS HBK O o1 DQ gy LaU8 A e A R Geing the
locking fusntie-lbadedentha éseestiunty-kuretivedisixsdld, ithe thbsespertivaiipkeheapibeeffect that the
door 20 cannot be opened completely to the desired position. This undesired effect is referred to as
rebound, which becomes noticeable in particular in case of restricted door opening angles determined
by structwealaoraitomstivehisr effeat] ditespecidiy prenofiniee dodscase of emence ssympathseaion
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theP&with completely relax and require a relatively high compensation volume including a
CorreSpoEﬂirrt'Hesryl S érs%%lf%}quree ﬁ%’at a second pressure spring is arranged between
the opening piston and the piston rod or between the opening piston and the
additional piston or between the opening piston and the separating wall, wherein the
second pressure spring is configured for a clearance compensation between the
30 rolling contour and the second cam roller. This second pressure spring, similar to the
first pressure springs, provides for a clearance compensation between the cam roller
and the rolling contour. Preferably, the first pressure spring and/or the second

pressure spring is/are weak enough, such that they do not transmit any torque to the



37 enable again a holding pressure sufficient for the spring force. In this case, a maximum pressure
difference exists. In the case described herein, the_compressionset-characteristics of the elastic
members in the lock compartment therefore occur during a slight pressure difference, as a result of
which the loss of volume and thus 5the subsequent stroke is smaller. Accordingly, the turning back or

the rebousbpbtIAPIstrbepRta Ry fRenudee, IBRTSIRY PRSI fsrapesiiesARhceraahasendaiRiarably,

the check valve is arranged such that the hydraulic oil in the space becoming smaller is
pre-presd0iBE £ B MEEPRAIY process and is thus actively 10pumped through the check valve into
the lock compartment. Preferably, the check valve is arranged in the closer spring tension piston.
Further, it is advantageous that the space becominc%smaller is.closed, except for the 15check valve,

during th&dbERAIE Brd FEO oAb RAVISGH DR A REdLP RS &RsSSing R haF 8REe valve
between e inaserkesRionsseaiBr ANt fetanitdineow be iR tbefurbelislrcksaiMmlgGsdoward

the tank line. Therewith, h%draulic oil e.g. present in the accommodating 20 space of the closer spring
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swing-mode, wherein the additional closer spring is weaker than the closer spring.
The closer spring fulfilling the fire protection function and being configured very
10 strong, is preferably tensioned once and then remains locked via the lock
compartment until a possible case of fire. For the everyday use of the door, it is
however also often desirable that the door closes after use, however, not with the
force of a strong closer spring used for emergency cases. For this purpose, the
additional weaker closer spring is used. In particular, this additional closer spring is
15 configured according to EN1 or EN2 pursuant to DIN EN1154. A so-called second
pressure spring for a clearance compensation between the cam roller of the opening
piston and the rolling contour was already described. Said second pressure spring is
preferably replaced by the additional closer spring. As an alternative, the use of
piston assembly internal tie rods and clearance compensation springs can be
20 combined with the additional closer spring.

The door closer preferably comprises a solenoid control valve, in particular a 3/2-
solenoid control valve, wherein a closure damping compartment is formed between
the door closer housing and the piston assembly on a side of the piston assembly

25 facing away from the piston rod, in particular on the side of the damper piston. The
solenoid control valve controls at least the pressures in the closure damping
compartment and in the lock compartment. This solenoid control valve enables to
hydraulically seal the lock compartment. Therewith, the closer spring, once biased,
can no longer relax and the free-swing-function of the door closer is activated. By

30 switching the solenoid control valve, the lock compartment is again pressure-
released and the closer spring can dislocate the piston assembly and therewith close
the door through the output shaft, e.g. in case of a fire.



13/2-solenoid control valve 2valve housing 5 3valve chamber 4solenoid 5valve spindle 6, 7 valve seat
bores 8free aperture 10 9convex surface 10ball 1]i§é?ne ring surface 12first part 13second part
1514valve pressure spring 15connection channel Ibcoil 17armature

In a preferred embodiment, an opening damping compartment is formed between
the piston assembly and the separating wall and/or between the piston assembly
and the additional piston. A first throttled connection is disposed between the
opening damping compartment and the tank compartment. The additional piston
5 may be open-worked and does not have to be guided sealingly in the door closer
housing, such that the opening damping compartment extends to the areas between
the piston assembly and the additional piston and between the additional piston and
the separating wall. Upon opening the door, the piston assembly dislocates the
hydraulic oil from the opening damping compartment. The hydraulic oil flows through
10 the first throttled connection, and in particular through the third line, into the tank

compartment.

In a preferred embodiment of the opening damping compartment, it is provided that a
first unthrottled connection is arranged between the opening damping compartment
15 and the tank compartment, wherein the first throttled connection is always open and
the first unthrottled connection is either closed or opened by the piston assembly,
depending on the position of the piston assembly. The first unthrottled connection
preferably enters into the opening damping compartment between the first throttled
connection and the output shaft. Therewith, the hydraulic oil can be discharged
20 through the first unthrottled connection into the tank compartment at the beginning of
the opening process of the door. Consequently, the door can be opened very easily
and without any resistance at the beginning of the opening process. When a specific
opening angle is reached, the piston assembly, in particular the opening piston,
closes the first unthrottled connection. Consequently, the hydraulic oil can only be
25 discharged through the first throttled connection into the tank compartment and the

door is damped shortly before it reaches its final position during opening.

Preferably, the door closer comprises a further throttled connection which is
arranged between the closure damping compartment and the tank compartment, in
30 particular in the third line. Said further throttled connection serves for dampening the

door in the closing direction.

In a preferred embodiment, it is provided that the solenoid control valve connects the

first line to the third line and blocks the second line in a first switching position; in a



18pole core 2019linear guide 20gap 21connecting line 22armature space 23sleeve 2524insulation
25groove ring seal 26base housing component 27§§st valve chamber insert 28second valve chamber
insert 30 29extension 30cap 31tank compartment 3Zvolume compensation piston 33compensation

spring
second switching position, the second line is connected to the third line and the first

line is blocked. Therewith, the pressure line P and thus the lock compartment are
connected to the tank line T in the first switching position. The operating line A and

thus the closure damping compartment are blocked. In this switching position, the

5 closer spring or the closer spring tension piston, respectively, are not locked and the
free-swing-function is deactivated. By blocking the operating line A, the hydraulic oil

can be discharged from the closure damping compartment into the tank
compartment only through the further throttled connection and the closing process of

the door is therewith always damped. In the second switching position, the pressure

10 line P of the lock compartment is blocked and the operating line A of the closure
damping compartment is connected to the tank line. Therewith, the closure spring is
hydraulically arrested and the free-swing-function is activated. In this switching
position, the closure spring cannot transmit any force to the piston assembly.
Simultaneously, the closer dampening is deactivated and the piston assembly is

15 freely movable and the door can be moved without a large effort. This embodiment

of the hydraulic control is the preferred embodiment.

In an alternative hydraulic control, it is provided that the solenoid valve connects the
first line to the second line in a first switching position, and connects the second line
20 to the third line and blocks the first line in a second switching position. Consequently,
in the first switching position, the pressure line P of the lock compartment is
connected to the operating line A of the closure damping compartment. In said
switching position, the closer spring relaxes and dislocates the hydraulic oil from the
lock compartment. With the first switching position, the lock compartment is set to
25 the same pressure level as the closure damping compartment. Due to this addition of
the dislocated oil volumes, a very fail-safe regulation of the closing speed can be
achieved. The oil of both spaces, i.e. the lock compartment and the closure damping
compartment, together flow into the tank compartment through the further throttled
connection of the closure damping compartment. In the second switching position,
30 the pressure line P of the lock compartment is blocked, such that the free-swing-
function is again activated. The operating line A of the closure damping compartment
is connected to the tank line, such that the closure damping during free-swing is

deactivated.



39 34spring bearing 35drilled insert 36filter 37volume compensation unit 538longitudinal valve axis
39ring channels 400-ring seals 41door closer 42d23c§ closer housing 1043first door closer housing part
44second door closer housing part 45first pressure Spring 46damper piston 47first cam roller

In a preferred embodiment, it is provided that the solenoid valve releases the closer
spring when de-energized and enables the free-swing-function when energized. With
this deenergize-to-trip-principle, it is guaranteed that the door closes by means of the

energy stored in the closer spring in case of a power breakdown.

Preferably, it is provided that a spring-loaded check valve is arranged between the
lock compartment and a compartment becoming smaller during the opening process
of the door. This space becoming smaller during the opening process is in particular
the accommodating space for the closer spring. The spring-loaded check valve locks
10 toward the space becoming smaller. According to the invention, a hydraulic pressure
is built up and maintained in the lock compartment, in order to arrest the closer
spring. For a pressure generation in the lock compartment, all elastic members
contained therein, e.g. seals, residue air or also the hydraulic oil itself, are
compressed accordingly. This results in an undesired loss of volume. The closer
15 spring tension piston compensates for this loss of volume, however, performs a
small subsequent stroke. This subsequent stroke is transmitted to the piston rod and
consequently to the piston assembly, the output shaft and the door. This results in a
turning back of the door by several degrees when using the locking function. In case
the free-swing-function is used, the subsequent stroke has the effect that the door
20 cannot be opened completely to the desired position. This undesired effect is
referred to as rebound, which becomes noticeable in particular in case of restricted
door opening angles determined by structural conditions. This effect is especially
pronounced in case of door closers with cam technology due to the small rotary
angle-stroke-ratio. The arrangement proposed herein, including the spring-loaded
25 check valve, reduces said rebound by pumping the hydraulic oil, being actively pre-
pressurized, from a pressure compartment becoming smaller in the opening direction
through the check valve into the lock compartment during the opening process.
Therewith, a relative opening resistance, similar to a opening damping, is
intentionally generated in order to bias the hydraulic oil and to obviate compression-
30 set-characteristics. In pre-known arrangements, the hydraulic oil is only passively
suctioned from the tank compartment into the pressure compartments during the
opening process, which may partially even generate a slightly negative pressure.
The elastic members therewith completely relax and require a relatively high

compensation volume including a corresponding subsequent stroke in order to



15 48output shaft, formed as a cam shaft 49rolling contour 50second cam roller 51opening piston
52second pressure spring 2053housing separatingﬁxjall 54piston rod 55closer spring tension piston
56¢closer spring 57adjusting unit for closer spring bias 25 58closure damping compartment 59piston
assembly inner space, in particular cam shaft space 60opening damping compartment 61lock

compartrapabf2lagaihaigingclasessaxs 30firsesendrthraitieprve force. In this case, a
maximum pressure difference exists. In the case described herein, the compression-
set-characteristics of the elastic members in the lock compartment therefore occur
during a slight pressure difference, as a result of which the loss of volume and thus

5 the subsequent stroke is smaller. Accordingly, the turning back or the rebound of the

piston assembly from the intended position is considerably smaller.

Preferably, the check valve is arranged such that the hydraulic oil in the space
becoming smaller is pre-pressurized by the opening process and is thus actively

10  pumped through the check valve into the lock compartment.
Preferably, the check valve is arranged in the closer spring tension piston.

Further, it is advantageous that the space becoming smaller is closed, except for the

15 check valve, during the opening process.

This closing is in particular achieved by arranging a further check valve between the
space becoming smaller and the tank line, wherein the further check valve locks
toward the tank line. Therewith, hydraulic oil e.g. present in the accommodating
20 space of the closer spring is biased during the opening process and can be pumped
into the lock compartment through the spring-loaded check valve in the closer spring

tension piston.
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78first throttled connection 79first axis 80second axis 81first tie rod 15 82second tie rod 83third tie rod
84forth tie rod 85output (driven) axis 86integrated glearance compensation springs 20 87screwing
88spring tension nuts 89first sealing flange 90secornd sealing flange 91height of rolling contour 25
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34 spring bearing
35 drilled insert
36 filter
37 volume compensation unit
5 38 longitudinal valve axis
39 ring channels
40 O-ring seals
41 door closer
42 door closer housing
10 43 first door closer housing part
44 second door closer housing part
45 first pressure spring
46 damper piston
47 first cam roller
15 48 output shaft, formed as a cam shaft
49 rolling contour
50 second cam roller
51 opening piston
52 second pressure spring
20 53 housing separating wall
54 piston rod
55 closer spring tension piston
56 closer spring
57 adjusting unit for closer spring bias
25 58 closure damping compartment
59 piston assembly inner space, in particular cam shaft space
60 opening damping compartment
61 lock compartment
62 longitudinal door closer axis
30 63 second throttle valve
64 third throttle valve
65 first throttle valve
66  first check valve

67 second check valve



94piston assembly 95additional piston Pfirst line, in particular pressure line 30Asecond line, in
particular operating line Tthird line, in particular tank line 41 Patent Claims 1.A hydraulic solenoid
control valve, in particular a hydraulic 3/2-solenoid control valve (1), comprising: 5a valve housing (2),
a valve chamber (3) integrated into the valve housing (2), including a first valve seat bore (6) as a
connectigigto aigd M dR wagticular a pressure line (P), a second valve seat bore (7) as a connection
to a second line, in particular an operating line (A), and a free aperture (8) to a third line, in 10particular
a tank linfT), 5%8?9?‘3?8@’)5}'&% a valve spindle (5) movable by the solenoid (4) and partially
arranged7p the yideerelapsalagr (3), wherein the valve spindle (5) comprises, within the valve chamber
(3) afirst
71 pocket
5 72 second front face, in particular pocket bottom

73 piston guide

74 first front face

75 second throttled connection

76  third throttled connection
10 77 first unthrottled connection

78 first throttled connection

79 first axis

80 second axis

81 first tie rod
15 82 second tie rod

83 third tie rod

84  forth tie rod

85 output (driven) axis

86 integrated clearance compensation springs
20 87 screwing

88 spring tension nuts

89 first sealing flange

90 second sealing flange

91 height of rolling contour
25 92 closer spring accommodating space

93 step/shoulder

94 piston assembly

95 additional piston

P first line, in particular pressure line
30 A second line, in particular operating line

T third line, in particular tank line



15 sealing surface (9) facing the first valve seat bore (6) and a second sealing surface (11) facing the
second valve seat bore (7), such that selectively thf first valve seat bore (6) and or the second valve
seat bore (7) can be closed, wherein the vaﬁve spindle (5) protrudes from the valve chamber
(3) through 20the second valve seat bore (7) toward the solenoid (4), and wherein, when the second
valve seabheiet (@)dmsiosed, the valve spindle (5) is pulled into the second valve seat bore (7) by a
differential-area-ratio through the pressure in the second line, in particular the operating line (A).
252.The hydraulic solenoid control valve of claim 1, characterized in that a sealing diameter (D1) of the

valve spindle (R)3ifdad R HYRICkRREN 6N S Inrpafib@ardiBriand222 ebieasecenstqive seat

bore (7), such that the differential-area-ratio is generated, wherein the sealing diameter (D1) is defined
at a seal (25) NaNRED 1 TRUS'8Findle (5) and the solenoid (4). 30 3.The hydraulic solenoid control
valveg of one of thegpyagrdingLsiagn®)characterized in that the valve spindle (5) comprises a first part
(12) and a second part (13), wherein the first part (12) is guided to be linearly movable in the solenoid

(4) and the seéonc?p\éq{\’@ﬁ‘i%rgbf‘év&éa iRteatRia SR AR YRV NP USHAGH (ZhalMFUdBeh Gid Sntrol

valve of one of the\pigeeskag bt charactemrdinthes a seal (7R, in particular a grssiring seal,
is arranged betwein the valve s{}pindle ) and a armzt re space (22) of the solenoid%ﬂ? 5 wherein

the armature spact1® a5k ARG VHHNENESRANRMGH N R PAMREHLP I ErREfRIE NGidM

connection channglddfRuextentliopdruanghitie yalveseiadieed)aSeduiy@iuts sotenaidisenirol valve,

in particular a hydraulic 3/2-solenoid control 10valve (1), comprising:
F?LO y partl%u(aratanﬁ ﬁlne( S @) P g

- asolenoid (4), and
- avalve spindle (5) movable by the solenoid (4) and partially arranged in the
valve chamber (3),
- wherein the valve spindle (5) comprises, within the valve chamber (3) a first
15 sealing surface (9) facing the first valve seat bore (6) and a second sealing
surface (11) facing the second valve seat bore (7), such that selectively the
first valve seat bore (6) and or the second valve seat bore (7) can be
closed,
- wherein the valve spindle (5) protrudes from the valve chamber (3) through
20 the second valve seat bore (7) toward the solenoid (4), and
- wherein, when the second valve seat bore (7) is closed, the valve spindle
(5) is pulled into the second valve seat bore (7) by a differential-area-ratio

through the pressure in the second line, in particular the operating line (A).

25 2. The hydraulic solenoid control valve of claim 1, characterized in that a sealing
diameter (D1) of the valve spindle (5) outside the valve chamber (3) is larger
than a diameter (D2) of the second valve seat bore (7), such that the
differential-area-ratio is generated, wherein the sealing diameter (D1) is defined
at a seal (25) between the valve spindle (5) and the solenoid (4).

30

3. The hydraulic solenoid control valve of one of the preceding claims,
characterized in that the valve spindle (5) comprises a first part (12) and a
second part (13), wherein the first part (12) is guided to be linearly movable in

the solenoid (4) and the second part (13) is screwed into the first part (12).



a valve housing (2), a valve chamber (3) integrated into the valve housing (2), including a first valve
seat bore (6) as a connection to a first line, in parti% lar a pressure line (P), a free aperture (8) to a

second line, in particular an operating line 15(A), a

a second valve seat bore (7) as a connection to

a third line, in particular a tank line (T), a solenoid (4), and a valve spindle (5) movable by the solenoid
(4) and partially arranged in the valve chamber (3), 20wherein the valve spindle (5) comprises, within
the valve chamber (3) a first sealing surface (9) facing the first valve seat bore (6) and a second

sealing sfirfacd 81) 467y iRe Sl aRRNEA: MBIE(7P s R AT sUNSCiPERF BN s AIRNS seat
bore (6) and ot HapaeeaRrdd/alvenseal BeEg (ZbFaim isaslieshsh 3SyybeRinihs yalie ispiieha del

protrudes from the valve chamber (3) through the second valve seat bore (7) toward the solenoid (4).

6. The hydrauREBURGTLITC NG GRS EpdiANE, RAAHRRIHIB FRAUZA M HBEBARR R (ird line to
an agmature spafgéa2)mbthaseieneidphexistepaalargdpe smive sriadie (Blortnrideitee valve

spindle, such that a pres

10

15

20

25

30

ure generation in the armature space (22) is prevented.
particular t?1e ta%k line (T), via a connectlonpchan(nel)(155) extenglng through the

valve spindle (5).

A hydraulic solenoid control valve, in particular a hydraulic 3/2-solenoid control

valve (1), comprising:

- avalve housing (2),

- a valve chamber (3) integrated into the valve housing (2), including a first
valve seat bore (6) as a connection to a first line, in particular a pressure
line (P), a free aperture (8) to a second line, in particular an operating line
(A), and a second valve seat bore (7) as a connection to a third line, in
particular a tank line (T),

- asolenoid (4), and

- avalve spindle (5) movable by the solenoid (4) and partially arranged in the
valve chamber (3),

- wherein the valve spindle (5) comprises, within the valve chamber (3) a first
sealing surface (9) facing the first valve seat bore (6) and a second sealing
surface (11) facing the second valve seat bore (7), such that selectively the
first valve seat bore (6) and or the second valve seat bore (7) can be
closed,

- wherein the valve spindle (5) protrudes from the valve chamber (3) through

the second valve seat bore (7) toward the solenoid (4).

The hydraulic solenoid control valve of claim 5, characterized in that a
connection of the third line to an armature space (22) of the solenoid (4) exists
along the valve spindle (5) or inside the valve spindle, such that a pressure

generation in the armature space (22) is prevented.



43 7.The hydraulic solenoid control valve of one of claims 5 or 6, characterized in that a diameter of
the first valve seat bore (6) is larger than a diamete4r (D2) of the second valve seat bore (7). The
hydraulic solenoid control valve of one of the preceé?ing claims, characterized in that a valve pressure
spring (14) is arranged between the first valve seat bore (6) and the valve spindle (5). The hydraulic

solenoid gontraialvedpAGne o BRI ¢ElBSChARSRERES N3G Klectreantbaealing surface
(11) seals the second valve seat bore (%éin a de-energized state of the solenoid (4), and that the first

sealing surfact @) &igmaiefid Do eviNraq8h hot @ dpgR e st R HIRRSSI R A)0The

hydraulic solemgidse@iiel Valve oéaeopé thg.preceding claims, characterized in that the first sealing
surface (9) comprises a convex surface, in particular a ball (10). The hydraulic solenoid control valve

of one of the preceding claims, characterized in the second sealing surface (11) comprises a cone

surface, B parﬂiﬁ'élam(ﬁ%mdingcﬂéﬁ@@e- &hv@lawﬁl\@”ﬂﬂgérﬁﬂwi%@%ﬁ@c@m intRamicular a
hydraulic cartridge 3/2-solenoid control valve, comprising a hﬁygjra,ulic solenoid control vg%/eéla
figleast

according to oRBBRHE FRELUHPERIMAYGREFERVRSPENE REtisRGBNILD ARt

partially insertgglidaaataiveca@mriag tHeevayasaigiadiartagige solenoid control valve of claim 12,
characterized by a volume compensation unit (37) including a tank compartment (31), wherein the

volume compensation unit (37) including the tank compartment (31) is integrated into the valve
housing @) or TRenesightnithessivdidousingrd?) balaclapbeord bt Altiwopeieseliidl)ciaimarticular a

cortiol vaive (B AEEORHAG o B BISRRCPRY £SO gHAH. bl S s S A e

according to opeaaf lbten$7) 2ivral Yembeseiizte value adanterssléponed4), thadanaclaserf(dt). The
| f claim 14 ising: housing (4 haft (4
j"d"goﬁ Oser Of e R ) L o2 RIS D4 8GR UL AL (G iD S8 opected to

the solenoid (4).

15 10. The hydraulic solenoid control valve of one of the preceding claims,
characterized in that the first sealing surface (9) comprises a convex surface, in
particular a ball (10).

11. The hydraulic solenoid control valve of one of the preceding claims,
20 characterized in the second sealing surface (11) comprises a cone surface, in

particular a cone ring surface.

12. A hydraulic cartridge solenoid control valve, in particular a hydraulic cartridge
3/2-solenoid control valve, comprising a hydraulic solenoid control valve (1)
25 according to one of the preceding claims, wherein the valve housing (2) is

configured to be at least partially inserted into a valve adapter.

13. The hydraulic cartridge solenoid control valve of claim 12, characterized by a
volume compensation unit (37) including a tank compartment (31), wherein the
30 volume compensation unit (37) including the tank compartment (31) is
integrated into the valve housing (2) or connected to the valve housing (2) by a

flange.



a piston assembly (94) connected to the output shaft (48) and guided in the door closer housing (42), a
closer spring (56), a piston rod (54) adapted to coré{gect the piston assembly (94) to the closer spring
(56), and a hydraulic lock compartment (61) adapted to lock the closer spring (56). The door closer of
claim one of claims 14 or 15, characterized by a free-swing assembly which is adapted to enable a

translationgl MRURIHPLIHSPIEIAN, A RARMIEI A HRRUBIRS ERBnarRRRAGRIIREKRRY Wihefdhe closer

spring (56) is locked. The door closer of one of claims 15 or 16, characterized by a fluid-tight
separating waP{53) HRerRYERg YRS IRSbr ERSERFIRRISsiAg Tl A ERRIi SRR s¥RKR) (3)) and
the closer spriggd&flinghereindherpisiansod (o4 Passes HydraaindheaserrjatisE evlid 2Drifr 6l

fluid-tight manner. The door closer of one of claims 15 to 17, characterized by a closer spring tension
piston (55) guiRlSnAFRPHIBE R EBLSIAYE 2P b iy OR hE Ve LRG58 OTRELoor
closer of claimig Y{catigot&Ies@ragigrized in that the lock compartment (61) is formed between the
separating wall (53) and the closer spring tension piston (55). 45 20 The door closer of one of claims
15 to 19, characterized in that a closure damping compartment (58) is formed between the door closer

housing (#2) anddhp pistisasser1aln(@4) esnapsigméacing away from the piston rod (54), 5a first line,
in particular a iE;)hrgssure{ljé‘iﬁnee[jf%lF%), extends from the lock compartment (61) to the solenoid control valve

(1), a second IthEM UHShEtaling line (A), extends from the closure damping compartment
(58) to the solesroitigauitepiare M3 ) 1o, idonnectadhischlingoin particular a tank line (T), extends from

thelsoolen0|d C%ngiosltgﬁl\éessembly (94) connected to the output shaft (48) and guided in the
door closer housing (42),
a closer spring (56),
a piston rod (54) adapted to connect the piston assembly (94) to the closer
spring (56), and

15 a hydraulic lock compartment (61) adapted to lock the closer spring (56).

16. The door closer of claim one of claims 14 or 15, characterized by a free-swing
assembly which is adapted to enable a translational motion of the piston
assembly (94) decoupled from the closer spring (56) when the closer spring

20 (56) is locked.

17. The door closer of one of claims 15 or 16, characterized by a fluid-tight
separating wall (53) arranged in the door closer housing (42) between the
piston assembly (94) and the closer spring (56), wherein the piston rod (54)

25 passes through the separating wall (53) in a fluid-tight manner.

18. The door closer of one of claims 15 to 17, characterized by a closer spring
tension piston (55) guided in the door closer housing (42) and abutting on the
closer spring (56).
30
19. The door closer of claims 17 and 18, characterized in that the lock
compartment (61) is formed between the separating wall (53) and the closer

spring tension piston (55).



10(1) to a tank compartment (31).
45

20. The door closer of one of claims 15 to 19, characterized in that

a closure damping compartment (58) is formed between the door closer
housing (42) and the piston assembly (94) on a side facing away from the
piston rod (54),

5 a first line, in particular a pressure line (P), extends from the lock compartment
(61) to the solenoid control valve (1),
a second line, in particular an operating line (A), extends from the closure
damping compartment (58) to the solenoid control valve (1), and
a third line, in particular a tank line (T), extends from the solenoid control valve

10 (1) to a tank compartment (31).



