1 Door Closer Description The invention relates to a door closer having a locking function or a
free-swing function as well as a solenoid control valve, in particular for use in the door closer. In the
state of the art, a differentiation is made between door closers and door drives. In case of door closers,
the door has to be opened manually by a person. During the opening process, energy is stored, e.g. in
a closer spring, and the door closer is capable to close the 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
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 the opening of the door is effected. Thus, in the door drive, the pressure is
generated by the internal components, i.e. mo%?gﬁ?lﬂﬁ’%. 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 nta th& B88r closer by 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. The door drive
has to apply the enerqy for accelerating the doqr in.an opening direction additionally, whereas, in case
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include a locking function or a free-swing-function. This object is solved by the features of the
independent claims. The dependent claims relate to advantageous further developments of the
inventioninTthaessttite objihet atsa\dittdrg@idton cosmde lpetitiealadadrintrsdsoacb segrmtivdsidgra
locking f%nctéogfoaggrea}/)viré éfu%cé[io(g oCrOWaPsri?in%a do%rngl seréh(au in%gag OuetplgnShBﬂrti% b he
connected to a door, a pls%on assembly connecie %othe bu pr['}t haran guigedsln the dooY cloger
housing, Gpeluisey [uiegsagisi@y isdapieddoinaoestetheppisty raadsbmbblyaodosetos @agaditeg, and

a hydrau%g: Ic%ls(eC?H]eD %%%‘re%aﬁé}ﬁbe‘?% '&%%é@ee%?&yr.s (i)rr]lgr'ary thereto, the door drive is an
assembly which automatically opens and closes the door by means of an 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 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 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. The door drive has to apply the energy for accelerating the door in an
opening direction additionally, whereas, in case of the door closer, the door is
accelerated in an opening direction by the user.

It is an object underlying the present invention to provide a door closer which has a very

slender structure while being manufactured at low costs, and which is consequently also



Preferably, the door closer comprises, for providing the free-swing-function, a freeswing-assembly
which is adapted to enable a translational motion of the piston assembly decoupled from the closer
spring when the closer spring is locked. Within the afternative locking function, the closer spring is
fixedly connected to the piston assembly, such that the piston assembly and therewith the door are
arrested gpplidtaiecas!sipyniteg larkingoefr b staser. gpiing. dyeferablye, dreaddoscloseidaitiodjnpe
free-swing-function is usec%.in faﬁlities fﬁfr rcJwaniiczi%)e ersons apfartments fgr senior citizens or
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system, the closing of said doors is secured for avoiding a propagation of smoke and fire, without
exposing the users of the dogr,to a constant opening moment of prior.art dopr closers. In particular in
cate of TH S QREHbI LV CLEN, LG LSt PG AR IRRATH BB G B s B (HEPa LARLSIRHS of
the door aatbegadvantege alsofinthase efelogimehafichttieicoentors. The tensioning of such closer
springs whenever the door is opened cannot be expected from children, ill persons or senior citizens,
in particular. In this case, the freeswing-function enables that the closer spring is biased only once and
remains Dlassdhidgoossibve drngendyaradeséhamppestotidoa bingerdsor lntosseritedudingjlay into

the doorlleal{.ori the .door fr?me_due tO_TJ[tSV ry slender overallvﬁgth, slucht at na ogptical dr wbtack
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separati \Wal i€ Se516¢3h g?a‘fatlronal#?'\rl]\ﬂharecs?)seci & [hnengo?'cszfogerr oﬂs?g.e /g\ ade rrllrr11?gcsea is
preferablyisteedasstrelly toetipés thosedsanic ghaise @argiingwialloEktben ptréntker adizgeed to lock
advantaqﬁgu%/scg)rsn r||rinses a closer spring tension piston guided in the door closer housing and
abutting on the erosdt spgr'lng. The piston rod therefore transmits the force from the piston assembly to
the closer spring tension piston. The closer spring abuts on the closer spring tension piston.
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the additfmeallicloseus)yripy tiee dokipgotiv mlefeablyioged, which piston acts on the piston assembly
via the piston rod. In combination with the piston rod and the separating wall, the hydraulic lock
compartment for hydraulically arresting the closer spring is thus generated. The piston rod extends

through tReefecaldpmiertdent, siasethincheliogk ofrememiont ivmagtialkoibeusterrad faciktivsg fgpace.

Based " . . . o .

crives e HACESR e, MRANAIRS 16 SER S ITRANE DI FFRCR SOHEGR o MRAds fap”

volume safegyaschagireeprbteatiotcadis plmgoisipoaipmt Witb théneredaureysiembetse aidsingrewith
: S . L _ q

closer pra B B S A S B e

into the 18tk ¢oeisaemée dieriy heameonsiboperpeiphdvemeainid adhendisthaiitgddncthedekIn

ctored fop S e Mo e S o 0 e tne

output sisafelithedeasisferciasisenbfythe door can be guaranteed also in case of an air draft in the
corridors. The tensioning of such closer springs whenever the door is opened cannot be
expected from children, ill persons or senior citizens, in particular. 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 door closer can be inserted invisibly into
the door leaf or in the door frame due to its very slender overall width, such that no

optical drawback occurs and it is protected against demolition by vandalism.



Preferably, it is provided that the free-swing assembly is formed as a sliding-coupling which exclusively
transmits compressive forces between the closer spring and the piston assembly. For the
free-swing-function, no fixed connection may exist b&tween the closer spring and the piston assembly.
Therefore, a sliding connection is preferably used, which exclusively transmits compressive forces.
Preferabirdftedtee- siindoasseioddy oaimrizgedbitidagtihsapateningdaiddhamigiarimsserdbby:. As
an alternative, the free-swing assembly. is preferably arranged in the piston rod or between the piston
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wherein firefeeablydfsedtfatedits i pistothetirantiahtfseparadribusalecouples when the closer
spring is locked. 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
assemblfFuntherginhbedostorloxtis gundedagevadly wihipiise packelo s aspeatigriatigmiheiptorket
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guided iPlRE door closerehoﬁ)sma Betveen E e plstgon 38584, (fy and g piston rod and fixedly
connected to the piston rod, wherein the first front face is formed at the additional piston. The piston
rod and the additional pistop are fixedly connected. i.e. they always move together along the
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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 compartment during the manual opening process, and the

discharge from the lock compartment is e.g. blocked by a solenoid valve. Thus, in the



force of the closer spring is transmitted to the door through the piston assembly and the output shatft.
Therewith, the door is securely closed by the stored energy without any additional manual action being
required. In a preferred embodiment, it is provided that the output shaft comprises a cam-shaped
rolling contour, in particular a cam disc, and that the piston assembly comprises at least one cam roller
abutting dodhelosiing epused. hieirsldserstoneti dngesbidithe reldsdaspriigigitbssiriee lbpttiieass due
to optical reasons. In order to simultaneou%zlf/ obtain a comfortaBIe operation, i.e. a deégj‘sing opening
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used within the door closer mechanism of the inventive door closer, in order to transmit the force
between the, piston assembly .and the oytput shaft. In a preferred embodiment of the piston agsembly,
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damper piston and the opeping, piston. The cam rollers of the damper piston and of the opening piston
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piston. On th lo@%?ﬁr sid? of tthe/ firoor %ctser housing th (%Ioser spring is biased through the opening
piston antP e \[I)VI ¥86. O the"§thaMiaé W@%?, {H% ya?gulically effective damper piston is
displaced. By displacing the damper piston, the hydraulic volume is displaced, such that the door

velocity during the clgsi rocess is controlled or brake 6 means, of interposed thrqttle valves. In
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damper pistomn iodisposie: atosee Side@tensiontpigishaft and the opening piston is disposed on the
other side of the output shaft, such that the output shaft is arranged between these two pistons.
Consequently, no direct contact is possible between the opening piston and the damper piston. Said
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plate-carriage cannot be used in integrated and 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
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which is g di red.t 0 -and-pinj l0gj rs
heretord L B0 e i oA ar
followingthwswmgimsam diistsel, wmdhemaWnaﬁvm@oﬂwﬂpserbheammst@dﬁ tiwmp_émﬁg/\f_ﬁiston
and tne damochpista, R BAE HfearRgaTer RGO o d edflngaon Bty MEdefa

uses tie fods and internal clearance ‘compensation springS. The second variant uses pressure springs
which ergsi G tisiderstithdinpletingg pleast antyanthéhgantper prtoaf thefeisibly, rmdsipdisiesethat
the damF?r?Erﬂ??&ﬂ@gtg‘ﬁ@ﬁ%}\éﬁgwiﬂ%t?&ﬁﬁ&ﬁéﬁ&ﬁ%ﬂ'ﬁ%&ﬁ rods. Since the opening piston and the
damper piston are arranged on both sides of the output shatft, no direct contact between these two
pistons is possible. The tie rods enable a connection of the two pistons, which can be assembled and
manufac iJy itio l&ﬁﬁﬁ ity of ti Its, i igjent ion of
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have the same distance to the output shaft. In particular, the four tie rods are arranged at corners of an
imaginar@i@iafe astdidionaigRistPReasathredhat paeeiethrotg et aWaish Heve dpariiragiaas of
said squgg R{r{&mq:dgg,eégygi,sa%@ngement, an absolutely constant transmission of force
between the opéening 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. In a particularly 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
ic arranaded hehween the two 1inner tie rode and the two lower tie rode Diie to the tie rode arranaed



Preferably, it is provided that the piston assembly comprises at least two integrated clearance
compensation springs, wherein at least two tie rods geing arranged 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 diagonal rods serve to prevent twisting and therewith prevent tilfing moments and related
iction o SelzAG BT P IANION ATRF (L AR S IrerBrM eihdl HbafanEanneciion
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clearance compensation springs are formed as pressure springs and press against the ends of the tie
rods, such that.the tie rods are tensile-loaded. The, 9 other ends of the clearance compensati
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rolling conrto\lljéna{n the first cam roller of the damper piston. This first pressure spring pressurizes the
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spring is arranged between the opening piston and the piston rod or between the opening piston and
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a clearansgtiwngsendtiontbetwidingneocwtng, 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 piston assembly due to an anew opening of the door occurs without force,
which corresponds to a free-swing-function. Further manual opening and closing
motions of the door occur upon a still locked lock compartment as often as desired and
without force in the free-swing-mode. Only upon release of the lock compartment, the
closer spring can be restored to a released state. In this case, the first front face is

brought into abutment with the second front face in the free-swing assembly and the



10 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 combined with the additional
closer spring. Preferably, the door closer comprises a solenoid control valve, in particular a 3/2-
solenoid foperof \taly €logbe inya sesHatging chengasmeriugfotitecdidietwassethelgdeordthser
housing and the pision assembly gn a side of the piston assempbly facing away from the piston rod, in
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the closuidditominganoapatimnbairdyired@redk 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 switching the solenoid control valve, the
lock comipestmeie iseagamuessent;icisgaevided thatcibeasspungitain cistquadesheqaateshapseimbly
and therevl'th close[ the door thrOl‘l%h the ouﬁput shaét F%'ig ri]n case of afire. In a B{rﬁferred embod{'ment,
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damping compartment and the tank compartment. The additional piston may be open-worked and
does not%eg\\'/veg % l:tr;%egﬁﬁs o gggﬁrﬁé@y&ﬁ Fﬁaz{ggooruc%usesr a%ﬂsing, 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 dooy, t iston assembly
g B s e S R R
the first tassttiat lyocoraptitse saadl anyeeti pusto ihrabgthnigeat Hirst |oaemindd ehatah&rcopgaingergtdn a
preferreq mppdiment aline apening damelag.srmaaiimeat dhiPradesddtatiadost wubiaiied
connection’Is arranged between the opening damping compartment and-the tank compartment,
wherein thstéirsatiddtike o pamngabistois. aive s opesllarsl ahéfr sianmpieroptisid it @mee ofidmei o piharg
closed o isto I i ition of t ' S ly first
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throttled conteettivhemdhdeotpplissiadiftisTiwededth] Hexdwitihawiovoilkiag btraksclsagpeedthteddhrthe
first unthpojtl ectiqn in n r at the inning,o ening e the
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shortly bdispéaitirgnthesdantipeil pisiition itherinydspehingolume 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 corresponding internal lever arm. In order
to design the proposed door closer as slender as possible, the opening piston and the
damper piston are preferably arranged in a specific way: 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 that the output shaft is arranged between these two pistons.
Consequently, no direct contact is possible between the opening piston and the damper
piston. Said very slender constructional design of the door closer provides that a

combination of both functions, biasing the closer spring and dampening the closing



Preferably, the door closer comprises a further throttled connection which is arranged between the
closure damping compartment and the tank compartment, in 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 lipedessfinst sedtdhglpgritseitla wisteantesydtnpingeposition rtxi zetondfitieshgdraeited to
the third Iine.land the first Iin‘;? is blocked. heriwith, theéPress re line P and thus thgﬁl)o&k compartment
are conn@d{UREY A0 kR RWHIH P SUGR R n oSN e @@Ssrgﬂﬁanﬁ]e% Wth(1QYREY
closure dsidesinginemphgnienttivadleeked. frdhirwitehingepesiterly thitliloseespooging theoeleser
spring tension piston, respectively, are not locked and the free-swing-function is.deactivated. B
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line to thedhiakneambbloekssbe iimsintegratadsacchdeswitibimiep asisiruCts elpoe ntlpsersheafirst
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the hydrawuiismiehenhthiae sooklcetmpcertraard. it sheafirsdkwite Fdgp [zostien thevittckionntpagment is
set o the, same DresSre devel as- e closure damaina campacent e do fisaddiion ol e,
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is arrangeédnpengisiane lock compartment and a space 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 toward the space
becoming refeatdily At derpioyicte chéhiai/treidanapley dristdio pressnesdsningupision mentaimeeriedthe

lock CO”\HQFHB‘?BBAMWC@J fﬁeaé'i?éﬁm& ﬁi%%r éﬁairl]ﬁe '(:J%rmf)%r piston are arranged on both sides
of the output shaft, no direct contact between these two pistons is possible. The tie rods
enable a connection of the two pistons, which can be assembled and manufactured
easily. In addition, the use of a plurality of tie rods results in an efficient prevention of
twisting of the two pistons about the longitudinal door closer axis.

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 transmission of force is possible.

In a particularly preferred embodiment, it is provided that respectively two of the four tie

rods are arranged symmetrically with respect to the longitudinal door closer axis. This



a pressure generation in the lock compartment, all elastic members contained therein, e.g. seals,
residue air or also the hydraulic oil itself, are compregsed accordingly. This results in an undesired loss
of volume. The closer 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 pistomaaseniéy, rdupeutivelyshrl dixdjtrmalipoppdiedesuitsds aduenthg bankeodidrastwdineeveral
degrees when u#gﬁ thle lockin unctt'!'i%n. In case th§ free-swin -fur(lfti?n is used, ?e subseiaent
stroke h&RE AL} AR WEER el BY dfsehd Sc&%?p%?eﬁ%% h8'dEURAdDHGSitfh PRI Ye, the
door cansoudpegrt reetapgiedréentpigiatystaatfh@ assire chpasifothdusengitejobe: 9ivithe mliadenalys
undesired. effect is referred to as rebound, which becames noticeable in particular in case of restricted
door operingalfg SU4Ror Aindatig HEct P AFeriois FHUGHORTE eBhecty bSMb FREa A base
of door clesesmigiivnant téciuwlbgywkentatiiee spealingtasisanglersdrake-rationgdre pisengeniith
proposed herein, including the spring-loaded k valve, reduces said rebound by pumping the
i G R e i R R e R R S8 hing
directiondtweizghetioé tihe ishaclaysdrabiistpecosktedrapdamenpdssibiEthe 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-set-characteristics. In pre-known
arrangenerasptradwariyupeedd ne dnbmiassivedits uttis nad yided thieata ke div pardis ereirdor dng e d
pressure_compartmenis during the opening process, which ma rtially even gengrate a slightl
ogaive TIENBE TG A T e M B R BT R D e
compensatoarvahgee belhulititearothing spamtdungasubseqbetit sidalseah thiel eutp enstiaé agiaah aHzadlding
pressuresufficient BB B foshe . i gse A maximum pressire dlference exists indhg case
described herein, the cgmpressmn-s&%hara&eris i€l 81 the erastic members in the Toc comparr}ment
thereforelvetwodavirey Aeshigis phess toe fukffieancks, @san gl biod vehaotdtbe s siod calvmnpediad thius the
subsequepit stipke [ amalely Acaardiaay he durniag PackeriF-reBoURd pLUle piston Assemply from
the intended posﬂon IS cohsmeergomfsma er. Preferably, the' c eClOVANE 1S arranged such that the
hydraulic oil in the space becoming smaller is pre-pressurized by the opening process and is thus
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connection to a ne, in part pressure line e seat bore as a connection to a
second liesaizpgtifiilae apepompijdinendribeadarepgigrtsiento 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 any
switching position of the valve. The valve spindle is at least partially arranged within the valve chamber
and is lindegfenaolyedhs teatalkeni¢ompensating \eiviagpirde: avmpgisdsinvitien daspel eistamber,
a first seg|i I first v 1 fac ' ond
Calve sea B e S S g e e e TC e
closed. IassRINRIY, are el egifellaptiraidacdaronmpensdiechetwrenHit ganmeaiecsrandalbe seat
bore and fiHoL, e Fe RO ISR AARBIALHFIG e PHRILSIB8! i yahEsAiRdiR{rom
the valve cha#ber, §1e:va ve J'!;,I\f)vlf}ldle ca%) be connected’to the so?’enoid or can béJ %gﬁr?t]ila{ﬁ/ mﬁrated
into the sHRiBIaNPesEeh @ AQVaRlestIamb A Exstbae the,HIgeCkpanc & GANE nsativR
second valye,SeaLhare Ry adlinieniahase ad Aoy aibthe esm ehtE SRR dae. in particular
the operﬁijng ?ine. Tﬁl{s arranggcﬁr’;fent Including a glslfferential area ratio promotels a%?epgll g of the
second valve seat bore free of leakage oil. 15 bore. The sealing diameter is defined at a seal between

the valve spindipaiddiesalsia'dthe tie rods protrude through the clearance compensation
springs, wherein the clearance compensation springs are formed as pressure springs

and press against the ends of the tie rods, such that the tie rods are tensile-loaded. The



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 second valve seat bore.
Therewith, the pressure of the second line in front of%he 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 seconthealeadeaifabee cle@andbecqprgfensatiomispdingenarthe wabertepingainsn it sopienineast

t ts..For thi th | ndl [ first part d t, wherein the first
part & QUL SHHoG) IS Th B B Lo RO P ST HE T Chart

Consequesihedineiesorsivear fiietike thyochrnesipddiviklg Gthbpaitind is linearly movable together
with the first part. In particular for providing the differentialarea-ratio, this two-part form of the valve
spindle is especially easy to assemble. Therewith, in particular the sealing diameter can be configured
to be largey tharatterimiecdiamietesiddition secohd valgedietie bads laratidiléznaide pefepablyatimvided
that a seal, in art'{cular a,%g@lf rig%s ch, fﬁ girra?.ged between the.valve sPindIe %nd n armature
space of e Wielold. K55S i8'¢ Bf? tRe SiteBH AL SELE 4 RIRY HI9FLRP BEtE the
valve spiddirpnd pistaolemoldtiart oolartygsmfehmukitity anmateire shacéiist apwaysuireelpcognésted
to the third Ii]ne, incpirticula\r the tank line, via a conrﬁeﬁ,t\i,on créﬁnne!)lextendig%hrog]g{z thg VF|Ve
spindle. TREPANHET 20518 4G YLrie FHBRIAIAL LRGN PG "ONBIY BB 8 1Sak o8 5t M
groove rirgleealfishe edamieer. pretaconneidtidinstaessuvatisiorihg pabss spred elextdadspeorpitien
armatureSEB ce {gwurgrmre]eo\é l\{ﬁ sﬁir}gle into the valve chamber. As already described, the valve
chamber alvyays T{F‘eely ComnBcted ' the third line, in particular the tank line. As an alternative to the
afore-described hydraulic solenoid valve, the invention comprises a hydraulic solenoid control valve, in
particulag.g tycragie 32:soleroid conirgl valve, comprsing a valve igusing, ANalve hamber ..
integrated1nto the vale ousn¥gPan including a firal valNe 328l bore ad & COnnection 1o & first nne, in
particulao pepriess isthine aadrdeca pestiome ridacsebetwidare thve popiculey arstmye @icdhieeadaiticanal 6
second yalyg seaf Bafc, 2.2 gannealiondoadild ine. inpadicuian adank fing, Fciherthisdydrgulic
control sBlgndid Valve COMprises Asoleroid and avalve Spindle mo cYbe 'said Solenoid and partially
arrangedoire siserneariogasbenfigneechioe apiledicaoom posgse matiiortHzetatenctiembbing dosteealing
surface facing,the first val e re.an li rface facing th c V. eat
pore, such ha Sorason, ol TR B S e e S, g S, P e e
Further, gEingvepspindes drteadddesantiee caivecrisatie bitvaegh the secondleiandetebmiingward

conmeciu L Bie PRGNS L B S M A SO e e S e ™™ ©
inside theveakespirghe ssuthttiait thgyedsuretgemasatibanmy tiaeguentaufeesgace e e veeneehtihle

particulag,.this_c jan.is.realizs igyri t 2 val '
o A Bl S pa B A e M ageous
embodiments of the two inventive hydraulic solenoid valves are described: In a preferred embodiment,
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valve seat bore.
between the piston assembly and the piston rod or between the piston assembly and

the additional piston or between the piston assembly and the separating wall, in order to
load the piston assembly slightly toward the closing direction when in free-swing-mode,
wherein the additional closer spring is weaker than the closer spring. Instead of “free-
swing”, this can also be referred to as “smooth-running”. The closer spring fulfilling the
fire protection function and being configured very 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 configured according to EN1 or EN2 pursuant to DIN EN1154.

A so-called second pressure spring for a clearance compensation between the cam



In a preferred embodiment, a pressure spring is arranged between the first 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 preferfed 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 of thellepienid, rehthgt glsedirsirme i g silifgcaritoparias|alrdedgoivexr et Saitesds thel first
valve seat bore in an ener izerﬂ st@a ofﬁ"ige SO noia. Th‘ﬁ?frefeﬁacglé/ %rovided p'&essure s&rin serves
to press BIESRSRPL0G P GHEE AR BRI YO iNaI8 IYE HE' LSRG SAINY se5 L Al Htve,
de-energizedistats . piklonrafz@blylytie ditsiistaling suarfdagezianus es apamnsatiosusiaheg scparteular a
ball. Further prefe abgbté]e S (ind sleallir%% surface comprises a cone surface, in particular a cone ring
surface. %?}Tﬂﬁm% {98 §% 'R 8 5%ﬁ\5@5pindle, 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 posjtion under pressure is effectively preyented by the ball valve embodiment i ding
the con XTI, RO TG ATE OB sy U oo HRbr i Bar T AR st e
ParticulaslylgneidroemhttbeVidiee jdreasigea cotside themyEiivg chapdemding ¢y onnfreh teftwreeimlgtanto
the first valve sFat bqrie. The filter Qreventﬁqﬁollution f the ail and infp%rticulir a %ollutiqtg of the two
valve seSOTCRRTHIYSER RS AT BRMESTRRY Olva RG BbIE TN SNgdeailely B5Pdsite to
the secoad/aglveseahbdqrstdm aquiefernearéooladonetite thielsotd rmid opgripesancdiharsalenaidre, a
pole core astW(-FII as a gan b?tw? n ttﬁﬁ)ole core and tr}% ar ature.dThe ole core c mgri esaf?.
boreholecglrc])rqa t}ﬁ%\fgngltu{jﬁ)nsalaax?sacs) & Ve %Eﬁﬁdpe AndtR_YEFoFE ES‘ BURIES TR ACEE MmO daidn
and a lindser thakdaaredartthentalVkis moldieoiducterqlreddve iy abie snice hideasdileaity s ealvibe dookprise
a control upiforhe solenold iy means of said spatrol it fhe solenoid gan he swished betycen
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valve, in fipaetisulizgaf inyckianliofc dntridipmn B/ctudendil acttatkbdaNBy; cwvitphisiggtbaesofeheid control
afore-desgyihec iudiaujic solenoidvalves whetein e housing Jscenfighrdio be.af sashpagially
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accommduves tih ¢heapistiyre 83 2esobiy @idcdcthrereiwdivado Sattieudady tirefagie d)eheufipsttIstegfine.g.
particulalrntlgt%géesfsgr éine, and the second line, in particular the operating line, are directed radially or
vertically ou War8y i 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 the
valve hoysing, t ines ca t ssure-fi inserting the '
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The tank’ compartment Is preferably connected to the third line. The valve Is pr y structured
along the e diyainaicaliesf phefetdbly spiiene ssihsitenialiihin yaavelleh avitbethiadontifg dinal diver

spindle i%lgg&ng% %@%&em@%%{éaqﬁtgiﬂ%%ngiﬁalzjﬁggé'ggg V(%HBE compensation unit including

the tank compartment is integrated or connected by a n the other side of the valve chamber,
the solenoid is mounted. Therewith, the hydraulic cartridge solenoid control valve can be inserted into

the solen e B ey e e entthe

compartipistebiasserilynansbihpepepdtatingivialbianilp phaliwaen dhecpisipm astambboaipskiRation

piston angaiGemR ISP LSRFIYRRHEU B Eion is disposed between the opening damping
compartment and the tank compartment. The additional piston 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



In addition, the invention comprises a door closer, in particular a hinge door closer, including a
free-swing-function, comprising one of the afore-desgribed 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 ordmpaejesbthpeetmbyita Tiae ¢goradlisesildRioscontad hehbyitauliedmddesim e idos ured
damplnggci%%?artme t, the Jo %k C mﬁj rtment and the tank compartment or the tank line. The door
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Fig. 3Shouiendlt INATNUYRIRNRIORR WL QRRNSH 2993 #LARSTEY ARYISR" st unthrottied
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 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 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
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 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 line P of the lock compartment is blocked



with inactive free-swing for all embodiments, Fig. 4shows an inventive door closer with closed door at
an opening angle of 0 with activated free-swing for qel embodiments, Fig. 5shows an inventive door
closer during the opening process with activated free=swing for all embodiments, Fig. 6shows a
detailed view of the free-swing according to the first embodiment, Fig. 7shows an inventive door closer
accordingrid sheeopaehenpidenardfwitb aofirctivarfipiergwigpaign8shosvsdhadeusitiveltoesckoser
accordlnﬁntgl tt}ﬁesr%%ﬂg, %r]nebg dé‘&‘?é‘%";‘é'ﬁ%ga %'Vr‘?‘&‘égaﬂﬁgaﬁ‘{/"'gﬂ’ested 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 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 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 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, 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.

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 space 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
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



Fig. 9shows a piston assembly of an inventive door closer according to a third embodiment, Fig.
10shows different sectional views of the piston assembly according to the third embodiment, 20 Fig.
12shows a hydraulic switching symbol for a solenoidcontrol valve of an inventive door closer
according to a fifth embodiment, Fig. 13shows a hydraulic switching symbol for a solenoid control

valve of anprasgiiieegiomratiseimcsertioy tompatimembedinokitic 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 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 cannot be opened completely to the desired position.
Therefore, the door can no longer be opened completely to the desired position during
the free-swing mode. 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 check valve, reduces said rebound by pumping the
hydraulic oil, being actively pre-pressurized, from a pressure space becoming smaller in
the opening direction through the third 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-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 enable
again a holding pressure sufficient for the spring 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 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
pumped through the check valve into the lock compartment.



Fig. 14shows the hydraulic 3/2-solenoid control valve of the door closer according to the fifth
embodiment in a de-energized position, Fig. 155hovis the hydraulic 3/2-solenoid control valve of the
door closer according to the fifth embodiment in an ﬁergized position, Fig. 16shows a detail of Fig.
15, Fig. 17shows the hydraulic 3/2-solenoid control valve of the door closer according to the sixth
embodinfarefétsbie teratbEedvededicnairihdeisoiie aldetrisptihig tdrisiangisignl 9shows 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

explaine@wyitherefierignadvarftigyebus that the space becoming smaller is closed, except for the
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 space of the
closer spring is biased during the opening process and can be pumped into the lock
compartment through the spring-loaded hydraulic solenoid control valve d check valve

in the closer spring tension piston.

The invention further comprises a, in particular a hydraulic 3/2-solenoid control valve,
comprising a valve housing, a solenoid and a valve spindle. A valve chamber is
integrated into the housing. This valve chamber comprises a first valve seat bore as a
connection to a first line, in particular a pressure line, a second valve seat bore as a
connection 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 any switching position of the valve. The valve spindle
is at least partially 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 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 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 valve seat



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 hydraufi€ lines are shown to be outside the door closer
housing 42. This illustration, however, is only given for facility of inspection. In practice, the hydraulic
lines areboiegrates kvalthg dimneleseishdofingl4dt la eafollewiegnthstitieresplribie dand deser 41
along its longitudinal door closer axis 62 is explained from left to right. A first pressure spring 45 is
supporteﬁog {1t the door closer housing 42, in particular against a front face of the first door closer
housing part 43. The first pressure spring 45 pushes a piston assembly 21 94. This piston assembly
94 is guided in@t{ﬁ dgor clgser hoysing 42, in particular ip the first door closer. housin rt 43.

Oppostd SR BrE e e U B PR Y S 8 a6 ARt Hrovive
assemblyg@ddaslssidentherease ebpntigeb20soru prgeedragaihel beaepdiatitgerall 38eizeartidular a
housing separating wall. The separating wall 53 is disposed at the sectjonal area betyeen the first
door oSN R bar DG e AESTURE Gos RBLON S0 K OThd L Al DAL forms
a flange éamncsmmestinpédifervecdh dusipepaie 4£prifd) anti s aesons] waka Sta buoehisudoreparts
43, 44 a%si st q%(éh other.n q gistgn rod ?4 asse throu‘%gwnt e ﬁegarati vrvall 53 along the longitudinal
door closer sk .e'lsr(?ec%is ot Fod 5345 e ﬁﬂ&j@%&% AR Egr%ttl %(\?\iall 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 tensiqn piston 55 is quided, in the door clgser housing 42, in particular in the_second
door cloddr ROV ATE L e e SRR B e B R G The
closer sphigytpe selpiher tesd\agsiist i e aopasspraniy sepsidraps@sédoad pad,sidecasid duyaiist an
adsting oINS Siss T sRina s o e alhersipeasiaceatia G atlusing ul Tor the
closer spring biasing, a 3/2- solénold control valve 1, in the embodiment of a cartridge valve, is
disposedizadirisitgndteclanse tue olibgr thle serdoodspag t4i2, finguiyticalaranttuk teettentirdbpadieset is
housing part 44. The niston assembly 94 comprises..on a side therepf facing the first pressure. spring
el R e R R e e A N o
piston 4Geanraisesthifirsveaparolierd7 ofhitke ivabtatadpinsiepertespibeasdiy. dasyoperasgqidin 51

compris d.ca I rted r ly therei haft 48, in th iment
o1  cam CHeR L el o R0 R 51 e R AR B B B
shaft 48 baterdiaraletey ehtbetpetaxi\@ivpespahdmelar to the longitudinal door closer axis 62. Said
output shaft 48 transmits the force from the piston assembly 94 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 | thadditpn,shailt 48 efenainlis g3 avided-shapetl seliihgicoproticuar Bhgfirevearmgolead 7iand

the second A IFIELA0P AN ECIOH A FIR DO EaTi AL R ShpEgy 22 The

damper pist he opening piston closer spring tension piston 55 are sealingly guided
within thelidgposetbséthe wirgdi? dindyssethisealing siaperifar dieivesm grisevabaisspirsdieliagditmyes at
their circ C i I foll [ Iff p o r
gonerato B e 1, o e e e e e R 0 e
Said chatiiséring, spapastistdandcberdimnk three Gauateanshotioni rc Fnng | agpdiendxpgatheadugbnineft to
right alon noikudi I ' * A . i § is. for -defined
Dy the el T 1 e s Faarne 9o o i e HERE SR T S
and the deakpgepittredd oaysstig 88ainibpreventegadd s crniispise hannet withendtrapearlpiston

46 and the.; [ [stn S eaﬁff\?; I fer S FRIM %Q%t T istan mbly
inner spg?éﬂ?gé;sgc%rggbﬁé% é?g.g]s gre‘z’%led y?}[ﬁg (?)Z)né}%gr E[ﬁfsi?o ﬂ46 and t Ie opg)gmep@?gﬁ @% aﬁﬁg
always nthiataieid A aaisendyrelssadbedelthanvabeniladanasiig abvayarfreeht 60nnexpdsiedtbetween
the opengﬂgoojﬂgniﬁjpgﬁgah% sgﬁgqé%@qgjgall 53. On the other side of the separating wall 53, the lock
compartment 61'is a rangec!l etween the separating wall 53 and the closer spring tension piston 55.
The lock compartment 61 is defined by the separating wall 53, the wall of the second door closer
housing Rart 4 AL Hig Fesqn SRHB0 ARIRANBISIBA TR AL e oualose ik CRvEHRG @
tank compartment 31. The tank compartment 31 Is arrariged between the closure spring tension piston
55 and tE@R$IERST doRu@iardivespligng it comiitd deadecihicRBiCuiring Sayanaulie 36jusriegidit 57.
Based o Kigs 1hi0c1 8. dh BRI S arninfibmgolenpifl sontahytds stpings it ap.dn this
context, also the specific constructive design of a preferred tank compartment 31 will be explained. In
particulaRQsthel alérdpeing actshrabeeagispaieaaseneetiopitton Hssdrdininasteaca 59
can be ugeckag @ Rk by means eftinhigtiedsannegians odhaitank caTBBEmMERL 3ihdn addition,
the door closer 41 comprises a first hydraulic line, embodied as pressure line P, a sécond 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 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
A2 Fia 1 cshowe the hvdrarilie linece onlvv echematicallyy In nractice the hvdrartiliec linece are intearatead



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 furthér'connected to the tank line T. The designation
"direct and without being throttled” means that no separate throttles are provided in the lines.
Neverthelesenthedlvesseeg banebassigkviyndeatiiedoby tossiite filtepmaiciyaamiaipkeiselr & ditfergnces.
The opeﬂlﬁg da&ﬁfﬁ com rtmlent 60 is connected to the tﬁmk line T through a first throttledO| b
connectid{>78Y sCBUFE‘ﬁs%O, SR YASRISQLRISSS R ST 20giabral i DHIR Baggd by
connectigaid &ekiatsid atveepartiad o paringedhim pig \eovepetitness 6 ae o dhaetgplntine donprsegening
of the openin %}zﬁm ing compartment 60 into the first unthrottled conngctjon 77 lies nearer to the
output KL Ui NG CHRATG the ShaiaRl) Gt ORI IEnE b TS rioP B (iR 2
connectigactihdl beatinijisuiaaenthcditet e sanecitbnalvecseah d otesatidly that ceéadtigedysthe Histvhen
a specific opening.angle of the door is reached. The closure damping,c rtment 58 is connected to
the tank VLV CHTALS SoLbmd o SREh DR o i 1 BTPRh e Rt Ho e S U v
door closetdodsirfgopartds. Fadvéhishaunbesetla segonththretitmndlvwenbz: issese dhineadditiary athieird
throttled connection 76 is provided in the circumferential surface of the door closer housing 42
between%ﬂée%%élwe damping compartment 58 and the tank line T, including a third throttle valve 64.
The piston assembly inner space 59 is connected to the tank line T in an unthrottled manner by at
least one radial channel. A filter 31 is icted in_the tank line.T. Herein, the posijtion of the filter 31 is
oty xR T e et B N T e s R el B S e g By,
further fikeco3iectiomefatartped Iméhm aharmatiaslispawsofriibesdempier gistnadong first\cleek
valve 66 isiirrlléi;gllgrd.lr']l'shfijsec eCK/é’ﬁlc\a/esl%k etowa&?éttheapistor} asssuermblgri]nrrletri (Ss,rpeltcetgg. zf‘r r%efl?rr(]ed
check valve 67 isinstalied in the chselppls 6h B1°Sanie 10 Tocks foard fhe pispon assembly inner
space 5&padkiid preckntatid b @ dstimaeidedi snahiena osen spreglicetsioy gisthgubibigTaitatseckacalve
enables & %%r%léi&: flgwgi?ygagq t@e |OCH cfgraaﬁrtm net %I\?gdsai I%qle(in%towggd t(;le tlankagﬁmarténent
31. A forth checkvaive’ |s’provﬁﬁéﬁ%eutween the Tnk compgr?men Fdnohe tankiife T Safd
check vahexégspring-loaded and locks toward the tank line T. 24 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
expansidn. hédelsmiimg assbmbladge dasnethbetireentthepidtentwad Haemtd/ ehdygrenilig paenokil. The
construcggﬁlggs%g@ & §@ﬁof e-swing assembly is explained in more detail in Fig. 6. At first, however,
the functions and mofions of the door closer 41 are explained in more detail with reference to Figs. 2 to
5. The functions and motions of the door closer 41 according to Figs. 2 to 5 are applicable for all

embodi in. Fig, 2 4 DQsItion.o j -
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the door $ioske dinangeopianmedestcditnenstepodivialvesed0 dnde output shaft 48. The door is opened
by a person. Due to this, the output shaft 48, which is connected to the door frame via an arrangement
of levers, rotates. The force is transmitted through the rolling contour 49 to the cam rollers 47, 50. This
results inra arqrisfetitechiembishnot thepistensassesnblyPi tarthogrfhth awgahahaithsheglisoseat
assembl I [ rogd ng.therewi - Spr i | ! 0 to the
R MR VIOl G S B e R
closed bjhereiorcdiatiefesieddnl av atairadvioaded dellifongtsads yalehed through the third check
valve 68 into the lock compartment 61. The opening process shown in Fig. 3 serves to tension the
closer spring 56. After tensioning the closer spring 56 and by keeping the pressure line P closed, the
free-swirlg-farfotitheofteielen coveodimpnicilvis PigVidshoibatiibelsacondeserlingamiifaasidsed
position wi i@ %Jlo f [ ity di j I emains.j oned
position,ws‘lf{rrl}éet e f«@%ﬁé‘%ﬁ%ﬁ%ﬁ%@gﬁ ﬁﬂ&%@%%ﬁﬁ{g%@%g ér%@giﬁgﬁi@ sagﬁing
tension pheosdSneidoand pbthedist realiigsauifaeoablePBtisunHEercerRvEK FuFeembigalse
piston aspenbly 94 \Bsal e Ristefodmd oy diedandun aldhe swe ehaldl wrondeglosing
motion operated manually at the door. Herein, the piston assembly 94 can freely move'together with
the door PRESSNEaSHIHI RECER PRISBRiES tBec0HH 8rRANG prEEREROs iR yalys Fundlehnisiditm
assembly 94, syl that a5 YuHam g%g@g@ggﬂfggtgpntact of the piston assembly 94 to the output
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
freeswing-function. Meanwhile, the door is freely movable without any torquo. 25



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. T?rz 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 faces 74, 72 are positioned vertically with respect to the
longitudiraktirabiloshe aist 6e dling fissifacet arrpfibis adfroohiese aifaedistopapdcathrThepsgicond

front face 72 is located at the piston assembly 94, ip particular.at the opening piston 51. In th
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function age designated with identjcal reference numetals in all embodiments. Fig. 7 shows a door
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blocked through the pressure line P. Consequently, the closer spring tension piston 55 and the closer
spring 56_remain ip their tensed positions. The piston assemply 94 and the door.are, freel ingable.
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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 chamber.



27 The four tie rods 81 to 84 are respectively connected to the opening piston 51 by screwings 87. At
the other ends thereof, the four tie rods 81 to 84 proir de into through-holes of the damper piston 46.
Here, the ends of the tie rods 81 to 84 are respectiv %/J screwed by means of a spring tension nut 88.
The first tie rod 81 and the third tie rod 83 being arranged diagonally to the first tie rod 81 are
respectivelytiensiieoaett e arthatetratagdigaliencarerinpafsiatioitspongd trale tiegidated a
clearance compensation springs 86 are fit on the first tie rod 81 and the third tie rod 83 and are located
in the dalifper isﬁ8ﬂqﬁéﬂﬁgﬁ\%‘?éﬁato‘f‘ﬁ48d&&%&é‘é‘ SRPRREREN s phiRgs Se RGPS R the
output shafit48dkidingpartedlagamgizthmentiig ittogicncuuiié wieicralses trevghlg@theoresagetivintie
rods 81, 83. A secqnd end of the respective clearance compensation spyings, 86 facing the output shaft
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springs, may |pad the first and second tie rods 81, 83 with tepsion. [page. 15, lines 13 -20].1n addition,
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without a _clearance. Tpe inte ra*ed [ aranlcg:g acr%rgﬁfen?ﬁtioq srﬁ(rin S 86 a{e to peogonﬁi ured such that
S bly

I
the friction’ g}qﬂgecnot'mpgneant WitRin eeprln on Besembly 94'48 wel ashe Hiction of% & sea Iunrae

flanges 8 amkASatidh aspéstdmtitty pessucd-badest bpar clisardcosipg psaticnopsEtoona)diace
otherwis% (;tpne cam [Iollerss ﬁ? a}npegguvrveoléldrilri]ft off from the rolling contour 49 upon a stroke motion of
the piston asgem%efy(gﬂl ih the ree-swing-‘?nogé. 28 Due to this arrangement of the integrated

clearance compensation springs 86, no counter-bearing with respect to the components of the door

closer oytsi e pisipn I [ rate h that nQ force [ it rolling
contour jg gﬁé ﬁ %:%ﬁr)isé%eu i‘ﬁ?ﬁ@%&%@@ﬁ&? %0?3(‘1 u&éoéﬂ(réall%%%m@d %ﬁﬁ%ﬁéﬁéuﬂ%@ t ﬁg‘sggsfé) IJéhows
three sedtiolhaingews dfelhespistgHassigmnblycOmpasordingrte tiod thivel exfdredilescribedsduyida@i®, it is
discernib her in the po 1 dj en| ISt A t fihi
pocket, Tl thi e o e MR SURhOl SR IR e NS e
free-swirag@pietion ifoguadrited¢de 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 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
closer spring, a piston rod arranged to connect the piston assembly and the closer
spring, a free-swing assembly configured to enable a translational motion of the piston
assemblies de-coupled from the closer spring when the closer spring is locked, and a

hydraulic lock compartment configured to lock the closer spring.

The afore-described advantageous embodiments of the inventive door closer are
accordingly preferably applied in the door closer including the hydraulic solenoid control

valve or the hydraulic cartridge solenoid control valve.



The embodiments proposed up to now show two basic possibilities for a clearance compensation
between the cam rollers 47, 50 and the rolling contoyy 49. In the first two embodiments, the damper
piston 46 is pressure-loaded by the first pressure sp#%g 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 49. An
alternative is disclgsed. in the third emhodiment. In this case, the clegrance compensation is.integrated
into the PG OURIA Te ALREER oS0 SRR o iR Grietn € AREARRRR <A
constricteddpnipanigngdisBiing Sé avdie integrated clearance compensation springs 89, such that
the two cam rollers 47, 50 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 pigsition dwingwhearfraasnting-toeteldde sprunditiy na filisgemdloaliraegement of the four tie
rods 81 to 84 provides for an absolutely constant force transmission and therewith prevents any
canting. For this purpose, the two used clearance compensation springs 46 are arranged at two tie
rods 81, Bigjb2ing dstgavsildn éasndtieeddds afoskemitivelosed dearanicarc@ppritspiogispoh@B6
could be provided for. ?ﬂach of the tie rods 81[ to §4. Of cqurse, the clearance compensation springs 86

can preferably be a\r'\fg d@%%\'% 5?%?55\/6{% R/raﬁ § 'iﬂbcﬂ "@ﬁgr]ﬁ:‘ng piston 51. In addition, the tie rods 81

to 84 prevent a twisting of the damper piston 46 and the opening piston 51 with respect to one
another. 29 4 specfic agplicafion s 20 iven .casg ol hisary freproleciion dogrs e plosing
force requiréd in caSe of a Tire requires very strong closer springs So. For th ever% aﬁuse ortne
door, it would be desithlfathizetireeloséns foingll>hahwdysartaains 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 preferable that each of the
door clogers 41 proposed laranventiveridesthdoserondtpiaesack dpoingtS2nas peniad danyhal afl dser
spring”, embodied %hacctord{'ng %o EN1 or EN2 Yvherein said ta\dditional closer spring/ second

. aglivated freerswing for al efmbodlmen % . .
pressure spring 52 Is much more weaker than the closer spring 86. The second pressure spring 52 in

this embodiment therewith always loads the piston assembly 94, in particular the opening piston 51, in

he closing directi In free-swi d b 2 ¢l [ h
coor cod a8t least T AR e e B e R e AT e e

Nevertheless, the useeeivesgbohalencbetisiemtiie large closer spring 56 upon each opening
process, but only the much smaller second pressure spring 52. In particular in this embodiment, the
piston assembly 94 according to Figs. 9 and 10 according to the third embodiment can be preferably
combineffigith the sl acedsilesl speiwgpb hd-fgze Slying andotispdo thédinghefiftrodimdesikth
embodiment for a door closer 41, wherein the switching symbol for the solenoid control valve 1 is
respectively shown. Fig. 12 illustrating the fifth embodiment shows the preferred variant. The fourth
embodintdgt dccordihgws Rig. inYesiowstoe slasepkcenidvdinie i, $econidethdagisratihgvitheat to
the closure dampin%ggm}%aﬁtgég%is omitted in such door closer 41. The solenoid control valve 1
here only controls a connection of th€ pressure line P from the lock compartment 61 to the tank line T.
The pressure line P can alternatively be open or closed, such that the free-swing is selectively
de-activaiel gr activgiggs i 1vehRYS S islnoReahahiidp A eaRe dmBaliHerk hihe
pressure life P is connected to the tank line T In a de-energized state of the solenoid control valve 1,
shown on the left sidetividiedfreeatmdrithe A is blocked. The switching position on the right shows the
energized state of the solenoid control valve 1. Herein, the pressure line P and thus the lock
compartment 61, and consequently also the closer spring 56, are 30 locked. The closure damping
comparthgnt%s is shomsdaoistomrassrMbly ople gningveive Figon TsisenaaeeingHimgpsimidol for
the sixth embodime Arding to the left depiction, the pressure line P is connected to the operating
line A in a de-energized 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

dampingiggmRRrmenteR AifsHRaEed (idhs GRSt the piston assembly according to the third

embodiment,

Fig. 11  shows a hydraulic switching symbol for a solenoid valve of an inventive door

closer according to a fourth embodiment,



Figs. 14 to 16 show the constructive design of the solenoid control valve 1 of the door closer 41
according to the fifth embodiment. Subsequently, a gﬁnstructive design of the solenoid control valve 1
for a door closer 41 according to the sixth embodimént is explained based on Figs. 17 and 18. Based
on Fig. 14, the switching position according to Fig. 12, left side, is shown. Figs. 15 and 16 show the
switching position according to Fig. 12, right side. Fig. 14 shows a sectional view of the hydraulic
3/2-sole \s[% ntrol valve in a,gde en |zed tate. The uI|c 3/2- olen id control vilve 1
compris é’tﬁ‘g% 3}4\% " Rto?hé 8(}8' oﬁgm Oﬁ o‘teﬁ?&d”‘ﬂ and
a valve spindle 5. Tineemtive etmndtﬂd'sencazﬁmrmagqngatmﬁimerﬂhedtmeralong a valve axis 38. 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
chamberr3g FLéthershdves apéydradito shettamkgineyintsofofored astienvidvecohaolbeaReTlod fast
valve seat bore 6 is.located dlrectlgI (ﬂg osite to the econ alvi%gséat bo e 7. The free aperture 8 is

also formed as a bJPfdl V%v‘%%?él "Br&RE ciLPSf 8 #& 85 |Q 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 valv j%‘borerg Is € i% rabl n§2£ rt an diame fthe cond valve seat bo 7. 31 The
second fak 14 extanNr R RISl Gr L e ANE SRANRSAL TR HRLEIST AR diid Bove 7
toward the solenoidHe Tifth drabpditichisrdspesedargimptemgitiatside the valve chamber 3. 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 byig. &l 10shoeHeieldyarfwrliciS/2rsoéeitwd cdoteofacdv@de theatsonfdloserbaspntia®, in
particular of the seg ?& dfﬁﬁr 3008.%%‘# |onaa sggulderds formed at the valve spindle 5, in particular at
the second part 13. vaive T pressurespring 558 s%ppor e on "%aid 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: thg firsg v(an seq ettgl ref Q_I aélg front face can also be referred to as sealing surface or
lateral surfdca of thettlrst \alve seat - Due to this arrangement of the valve pressure spring 14,
the valve spindle 5 is loaded toward the solenoid 4. In a de-energized state, this results in an opening
of the firgl gﬁj sealnove t(hepﬁ O%H 3K %8%%5’8@ va v%"%'t’ﬁes&%‘?"&ésg} 8%%‘% At t{be
second pa compriseés a set ealing surface, em 13dict as 2 cone ring surface i the
valve chamber 3. Stid sotle eimipsdnfmetlll dsderaretgibedpbsittamplete circumference of the valve
spindle 5. In a de-energized state of the solenoid 4, said cone ring surface 11 is pushed onto the
second valve seat bore 7 and therewith seals the operating line A with respect to the valve chamber 3.
The soleh@d ¥Bconghrmas a deibil&fdrigirivatansl 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 longitudinal valve axis 38. In the pole core 18, a borehole is formed along the longitudinal valve
axis 38. S@dbrehshofsras inlimetivguider kdseaadeastdiaptotmisefehthweivieashind@.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.|Mhbestodnving, tineHeasiorpisrisks @ apnveictiadghind yaraolisgostop Bretther tmatiectiatia

control UBMP éib%&‘%f ﬂ&aétBEo?/&fiFgomﬂ@ le%lt’ Srnbgaﬁtent is explained with reference to Fig. 1.

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, 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 45 pushes a piston assembly



32 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 corg 18 and the armature 17 are arranged in a
so-called armature space 22. Said armature space % 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. Sajdrgisistongssaitiyivariapuaicbatwerndbervelysesrodiiry Upparticaracine finsteart 12,
and the pole core 18. A cqnnection chanpel 15 is extending wjthin the valve spindle 5. Said connection
Channel TELORRECELE! IR Aot 5 QDRRS VAR CHBriERh BYSSHILE (ErUh dindrS55P 80
always freelystoensnied ©2Ebiaskatpinst dieopiscarassoneipace Said sbroys pessunelessifde
connectign channel 15 is formed by a longitudinal horehale along the longitudinal valve axis 38 in the
Calve spRRIE CHBRALTES TP Ao R S ap s BERBEE B e EHO GRS 0Bk e
from the Shefasepatdhiayabed S3ndlelispodbd langitideatiyrattensinpdiomeholthdfistaltior sdser

structure, of the valve spindle 5, in particular, the longitudinal.borehole,can pe formed along the
ongituci LIS B B G R S Bt h O B o Lo TR B R b ing
compondotid8, affasyedvectdmuabingnise t®d aodsirgepand Yalvé4hatbininset@8sly sedistivalve
chamber, insert 27.and the second valve chamber insert 28 together form_the valve chamber 3, The
ycraurc4 OO BB OT el PRI ER L ocar M L OIS oer B R e Mion 20
is dispossehair #tiegolesibif 3t .afopgrithé thensgtcaintby adoe cluioskeranize 6 2.8 Thenistdde cont6 4ais!
extensiorsl 2£1inThe second v IP]/S chargr%%r inseri]zggini'hurna cclﬂmrn"tl)odatgs r’ggeof'jrgt va \éerf:nhargé) r
insert 27°Th6 QIVeQHy mentionedSRAVE 29 Yihe’ 2olth B HEidends TS HE 28t VaIve Enaiter
insert 28Tdral isstommedtéd tisdiréul Y lce moacdetéouai ctuswi Sprin gfteolsinoigh st e cdndeaadyvelobamber
insert 26 s frot vele ghambernsen 273 serguted daio de bage housing companeny 20 Fap his
purpose, RN iSternal threda & formed A the base ousing componen?'ﬁ'g, and a corresponding
external Heeautistamnubakat theusikignzonfb dhthelostarapdry Tdresiodipidtai B&usinglloaragddneats are

sealed ag%iggt %a(r;fﬁ ot gr. T%?e Aé Orsilé?dsinrsert gg ilss formegr{naidae g?ﬁ Sfirﬁ'% é/al Oesgpasmrtlaﬁzr i esner|t027' The
first valve Sast bore § i tormed T aaid anilled msert 35. M ad itlcgn, a ftllter 36 is arra ge% i the first
valve chamster bisenh 2heSsidefihed 3gsi olis @osedjostsideuthie Yalter chanchesed apdrig thiagngseare
line P. In addii volue ¢ nsation Lnit 37 includj ompartment 31 is integrated
insce i o Ry Aaner o A e e S S R T2
compartsarndidconnirdevawen e ctmpentatidimeistoof 32, cactidgensabien spriighength and

et O R, B et AN T e A ot e SR ey >t

compartinensiBy. ddré $iston 32 is slightly spring-loaded by the compensation spring 33. The
compensation 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 Tiite phsidass seubiyPdovopupiise 2 RITasidaltiaeizos f2co: tuidicshpie saulie dpisng 45,
construc ' rptati jcally with 1, lengitudinal ' :
pressuregﬁﬁgis% g?ﬁ%%gé}érﬁh%ﬁ%m%w@e%ﬁ%l iéfiﬁﬁ%ﬁé\’/%ﬁ%}?&(@ﬁ@%@% éﬁi pg?aﬁo-rﬂlw&
symmetrgaimiEe pieistunedhemrigesccopestatdam il ey dndvahics s ciialighly lsapporiedkiieinon the

circumfergnti ' 0 n ' iti '
formed. SL AP ATl CreCLL e e i et et TP S A0 OB e e 1
embodieAmoutpatisirfé 48ive, theinsebedimnentol ¢reaposinfiy i asiagkd PRIWESBHb@/§sicchApraulic
3/2-solenqj t rdi i | e ' t T rly
sl e R S A e AT choney b Oy 668
Consequéntbgrpendiseiatiig khe angitidion) doonstose taxiv salveaddautmit Shat tusransmie tank
line T an e Vi \% at.hor sHeli is blacked
by the se%%?]é%gpégﬁafé?n ?rfg wstgl\%attglgerﬁ Eggt ore éﬁ?ﬁc‘i iﬁ,g‘r@?j not ﬁganfetl:%gg rt%t Ig\%ve
chamberagrangement 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.



34 Fig. 16 shows a detail of Fig. 15. Based on this illustration, particularly the differentialarea-ratio can
be explained. It shall be noted that said differential-;:ga—ratio Is used upon a closed second valve seat
bore 7 and thus in the de-energized valve position wn 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 inTies diamsdepidtonnia regiaspeaing@istba gloavd thg destR2S@irdttensreopibio\BSsaat bore
7, the valve spindle 5 has a smallest djameter D3. When the second valve.seat bore 7 is closed, the
oressurcHAIHELER] A oLlE SPfle SRR SoRHo22 g e (G SplRES e RS e race
is calculatechpyis@®22&s' IGeddg/MahpsTaethedosiccsuifecensecaiudatodtiy debkid Hlildingd2/4 *
T). Due tﬁ}the.f%():t thagbﬁm first surface is smaller than the secon% surtfaceoI the %eraﬂ?@ﬂ%ress e acts
to the rightSrPIRE SRodH THELESRBHER AL HLDSIS Y §HFE YEe B AP He SO S SERIURIAY i valve
pressurevapithgile ¢ snppeiticd aadhhstitoneswvdace d hys fzulledimnts tiBaisechachvalecos apidoerse 7.
Based on the fifth embodiment, jt was explained haw a hydraulic 3/2-solenpid control valye 1. in
partioula PRSP 8 G A B TR Yar i AR £ A 01 o REbdEt N W oo
de-energizedsngithingpakivorgisbewais F@: 14, thesarde ddrtigngcespadiaénfob®ed dsrthedione
surface 11 js pushed, into the second valve seat bore 7 of the operating line by the pressure spring 14
R R AR R R RO W e T A i o el
magnet sildsethosdireggpant 35 asdattiallydonpee pistinadgrob\esiog asat2iblyithnmesgeacts 59eis
armaturedsgace %20 'Iihe seq‘j]ngadiameter.Dl of4 e vaiyﬁz SBindIe 5 towardéglle rmature space 22 is
larger thal SR FaN &' Ko SEOUE P Tl st thelTe RRIMES BISHRL e Are PR CBEr B he
cone seatftdtidcedaingrdiamafieskicef TheeapistdnrasgEd|Antdhappezabitddins Adapsedesrized,
a differential force is generated through the area ratio between the pperating line and the sealed
armature A By O S T R SR R S S A8 o
the elaste fante @gasstetHe st cdmd oadvenge dbbgrand . ddnepseaiveg e B6cts rdispases iidhieae dbie g
pressure in the operating.line A. . The solenqid 4 is preferably, configured such that a switching against
bt e B e U e e I
line T ar&8ptireetiekl toegeiitothat. 6359 rathengrdrozmdswitbiisg parsitiog actbi@rantbthey cliteathe
operatin éﬁﬁﬁﬁé%g{&? ‘fé‘?é%sﬁs‘.“‘ilﬁé‘ﬁ's'?ﬁk‘%a’ NSRS P RegHAN, “?&Stﬁé‘”séﬁa%@r%iﬁ@é'”e P
in an oil-fi anner against the'elastic force. A" consumer connected thtough the pressure line P, e.g.
the lock toenpaitrobthes Secandhowdreckffectivelisven (el uddl ahd thedloperapringrésssicnipistaohed.
Said opegating p is,dep n e, ma ic.force, In thi | 'WE ition, 0 ing
line A iseégh n%cté%%ﬁy {)ﬁé t@r%k ﬁr@g ?r é&%%éﬂt%@esgsg@% I%grgw?%, Iﬁo%\élf%césgu re c?ﬁo r%/] aﬁﬁﬁaﬂ%‘%amic
pressureccsmpautiient il the opeseatiraylibe tveEhe tbmmboliuen ispoing e @nejmrs ¢usBiR-saieaoid toatrol
valve ar icab [ [ ' f h V, jgns, |
cartidges e A e e S A SrE ML
combinafign Bidsalll seat kigs.cddeteedBinthesalpecifiqpariigraraintbeysiote spid dordrad/vathe 1 is
differentigl-area-rati.are ic ryalv rdj i tion.: d.on Ei / and
AR G R A SR B SR S e R
embodinienkis compaxpizenéd il modd doril.a3pinifigdres shqarteltis-eraagizeal salisRinggpositon
with an g i S tically, ' ig. ic aonents
or compoér)wé\gre?t@{ iﬁenuﬁgp}g %ﬁ%ﬁ%@ﬁg@gggﬁgwiﬁg%ﬁh?amegrgél{égnéigra SB %\ %%88@2 &
embodintantsbyhmpeatisutinterstiledaidentsinsmtoghedesk eompaikteshibbdiment corresponds to
the solenoid control valve 1 used in 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 interchanged in the
sixth embod@ietiiezothpadod tctoscifthleptopiipenta TRy ydraticatines epdradiaglliae presalweys
connected togh I 3 t r n [ vialye
o8 %ﬁé%é’&ﬁcﬁﬁ Il Eﬁg&& S‘Q%:éc'ﬁévﬁétﬁ; R ARG aw@th 0y

chamber 3 and the tan T is controlle e seco seat bore 7 and the €one ring surface

11. In adembadipeg ealiankdingld STdfettbreinyenabdidiines extentéu pawie|prdetrulenaiudnakth
for the PreSSUrEISQMPPSRSAEIN REtECAJBE AIBEHRARRAS %?za%lﬁefﬁ?é‘é‘ e fishRReL adbe
solenoid control vaﬁe 1 accord_mg to the sixth emboﬁlmentgHer'ein, the conne@ﬁjoral1 1% is formed as a
simple flgosmesteibtanwben YRS LM HREHsHs Oz 2sRad e itariRairdopr Ngpser 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 extends from the



36 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 a_polygon. In addition, the valve housing 2 in the
solenoid valve 1 according to the sixth embodimentTs 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
chamberdtkecbAtharatiea enljoane vallenclhourrronsaNe 1 idiksrl iaribigehthedigirgtthtbelsdlenoid

valves according to the fourth, fifth and, sixth embodiments of the door claser 41 can preferably b
ot i ST RARIBHARE (h eSS AT A0 B SR SRR SRS G PR rcting
to a seventlvembditecent.doe nhidtlocontpong ndsrottieon Tbre 3isl dt@idicabmrtinctive areidesighated
with identical reference numerals in_allembpdiments. The assembly.for avpiding a so-cajled rebound
of the GGV SR 18 HAATESE P ERER AR S U H AN e HTuRIER) a8 in
all embothetents sgheatonicinkey 4depropaded hendia.linigs 18 ehenisessmhedimessued tbarthbe
check valye 68 in the closer spring tepsion piston 55.as a spring-|gaded check valve. The space inside
the door HBLLY B e TR e e SRR ABBIBGR R ng part 44, i which the
closer spring 56 is arranged, is herein referred to as closer spring accommodating space 92. Said
closer spfing accommaogdating space 92 is a space which becomes smaller during.the opening.process
of the dODPELEE TN JB0ap SRR Se N BE I Wik i VAT SR the
fourth chiektiele68resticas EBspiongHmgadhdseclkavialsethrotlehiralvh & isalse thdksatditiydyaulic
flow from.the lock compartment 61 inta the closer spring accommodating space 92. The fourt eck
valve o B R R e eSS PRt T oL SRS, o P
When prassutieebtalts lupei theho dpeampastriteniopinatigetieatip img mbersaammzayetiOthete thecfgstseals,
residue %}F\ﬁi{{é‘{ 8&“80*#%%@&%‘8%%g‘éen%%rr“e‘%r 555 a&&t%@t'” | ﬂ‘”&écrt‘hrer?%'ﬁse'%&é‘n‘i'*ﬁeo "ibloss
of volume. The spring tension piston 55 compensates this Toss of volume, however, performs a small
subsequeptsirakelarpatiy, thenplsere 3760 into the first throttled connection 78. Therewith, the
unthrottled connection 77 can be closed by the opening piston 51 when a specific

opening angle of the door is reached.

The closure damping compartment 58 is connected to the tank line T through a second
throttled connection 75 which is arranged at the front face of the first door closer
housing part 43. For this purpose, a second throttle valve 63 is used. In addition, a third
throttled connection 76 is provided in the circumferential surface of the door closer
housing 42 between the closure damping compartment 58 and the tank line T, including
a third throttle valve 64. The piston assembly inner space 59 is connected to the tank
line T in an unthrottled manner by at least one radial channel. A filter 31 is depicted in
the tank line T. Herein, the position of the filter 31 is only exemplary. 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
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 compartment 31

and the tank line T. Said check valve is spring-loaded and locks toward the tank line T.



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 oll, l%%fng actively pre-pressurized, from the closer
spring accommodating space 92 through the third chieck valve 68 into the lock compartment 61 during
the opening process. Therewith, a relative opening resistance, similar to an opening damping, is
intentiongllitrgenerdited iserdad tabinstiing ywellicadieandap ebviatel the cameputssine-stirhphmyiour.
By virtue of the fourth valve 69, t draulic oil cannot esca m the, closer s rn
ccommEARNR St 8 100 AHG B RTIAE. SHOHERY B e REb ek P TAR OBt Gring
accommodatilyspsioe Hllday wite ¢lpdeasioroig frensitre pisikivolkitheringoh @ xgpemsighprocess and flows
into the lock room 61 with a specific pre-pressure. Therewith, the undesired rebound is considerably

reduced. Further, the following components and preferred specifications are provided according to the
inventionA Ird&@ﬁnglm&ﬂblmismmr leeihivegendiber pisteer rottbdliagdtiaskipgineidistar 51
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wall 53 inhee fevdthigiitowartherstarting position of the door closer 41. Fig. 3 shows the door closer

during opening at an angle position of 150° of the output shaft 48. The door is opened
by a person. Due to this, the output shaft 48, which is connected to the door frame via
an arrangement of levers, rotates. The force is transmitted through the rolling contour
49 to the cam rollers 47, 50. This results in a translational motion of the piston assembly
94 to the right. Together with the piston assembly 94, also the piston rod 54 and
therewith the closer spring tension piston 55 are moved to the right. Consequently, 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 shown in Fig. 3 serves to
tension the closer spring 56. After tensioning the closer spring 56 and by keeping the
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 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 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 witheut-any-torgue.



38 3. The door closer according to one of the preceding items, characterized by a closer spring tension
piston 55 guided in the door closer housing 42 and ghutting on the closer spring 56. 4. The door closer
according to items 2 and 3, characterized in that theé Tock compartment 61 is formed between the
separating wall 53 and the closer spring tension piston 55. 5. The door closer according to one of the
preceding items, characterized in that the free-swing assembly is formed as a sliding-coupling which

exclusiv nsmits com e force en the closer s he plst ssemb 94. 6.
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wherein Frc])% %rzftefﬁ%%féasc?/vﬁﬁ tso|5nc}c ?t7 % a (flsltlgoﬂl%le%%ereln along the piston guide 73. The
second front face 72 is formed as a bottom of the pocket 71. The two front faces 74, 72
are thus arranged opposite to each other in the pocket 71 and can mutually lift off in

case of a free-swing.

Figs. 7 and 8 show a door closer 41 according to a second embodiment. Identical
components or components identical in function are designated with identical reference
numerals in all embodiments. Fig. 7 shows a door closer 41 during biasing of the closer
spring 56. In Fig. 8, the lock compartment 61 is hydraulically blocked through the
pressure line P. Consequently, the closer spring tension piston 55 and the closer spring
56 remain in their tensed positions. The piston assembly 94 and the 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
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
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



39 10 The door closer according to item 9, characterized in that the connection between piston rod 54
and additional piston 95 is formed pivotally about a %r@t axis 79 arranged perpendicular to the
longitudinal door closer axis 62. 11 The door closer according to item 10, characterized in that the
connection between piston rod 54 and closer spring tension piston 55 is formed pivotally about a
second axdieliBio el pspeiEhdcplaotal tiedongitiidinakidons chiseraaxinddtianthtadiest axéspistol? The

door closer ording to one of the preceding items racterized in that the output shaft 48
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the opening piston 51 are connected via four tie rods 81-84. 16 The door closer according to one of
items 14 ar 15_char rized in that respectively twg, of the tie rods 81, 83: .82, 84 are arranged
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third embodiment can preferably be used in the door closers 41 according to all

embodiments proposed herein.

The piston assembly 94 proposed in Figs. 9 and 10 replaces the piston assembly 94 of
Figs. 1 to 7, in particular the damper piston 46 including the first cam disc 47 and the
opening piston 51 including the second cam disc 50. The output shaft 48 remains
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

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 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 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.



40 of the rolling contour 49 is arranged between the two upper tie rods 81, 82 and the two lower tie
rods 83, 84. 18 The door closer according to one ofr%l ms 15 to 17, characterized in that the piston
assembly comprises 94 at least two integrated cleafance compensation springs 86, wherein at least
two tie rods 81, 83; 82 84 being arranged diagonally to each other are tensile-loaded by means of the

clearancg lgonipansiatiaodsp8ng od84imasderdpaniviignsaim étedcieathece haimee pitherraingy
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spring pusograrsafidil spriEh2, 86 dacingatid etrwpenshafpidois asppoiibddgairtsthe sistoldeo®34 or
between(tsheee éllg 10) which is formed in the damper piston 46. Due to this specific arrangement,
the clearance compensation springs 86, which are embodied as pressure springs, may

load the first and second tie rods 81, 83 with tension.

[page 15, lines 13 -20]

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 by means of
a second sealing flange 90. These two sealing flanges 89, 90 are used in the piston

assemblies 94 of all embodiments.

The integrated clearance compensation springs 86 are arranged within a piston,
preferably within the damper piston 46. The integrated clearance compensation springs
86, in combination with their associated tie rods, provide that the smallest possible
distance between the two cam rollers 47 and 50 is maintained, which are spaced by the
rolling contour 49, wherein the cam rollers 47 and 50 abut on the rolling contour 49

without a clearance.

The integrated clearance compensation springs 86 are to be configured such that the
friction of the components within the piston assembly 94 as well as the friction of the
sealing flanges 89 and 90 with respect to the portion of the first door closer housing part
is overcome, since otherwise the cam rollers 47 and 50 would lift off from the rolling

contour 49 upon a stroke motion of the piston assembly 94 in the free-swing-mode.



piston assembly 94 and the additional piston 95 or between the piston assembly 94 and the separating
wall 53, in order to load the piston assembly 94 slig toward the closing direction when in
free-swing-mode, wherein the additional closer spring 52 is weaker than the closer spring 56. 24 The
door closer according to one of the preceding items, characterized by a solenoid control valve 1, in
particular a 3/2-solenoid control valve, wherein a closure damping compartment 58 is formed between

the door gloser hgusing 42 and the pistgn assem a side of the piston assemb cing
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and the rfrlﬁnk (o]0) tmen 31. 29 Thg door. closer accordin V\%t%one of item bj)l 5 to 28, ch?racterlzed in
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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 49. An alternative is
disclosed in the third embodiment. In this case, the clearance compensation is
integrated into the piston assembly 94. The damper piston 46 and the opening piston 51
are always slightly constricted by the tie rods 81 to 84 and the integrated clearance
compensation springs 89, such that the two cam rollers 47, 50 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 symmetric and diagonal arrangement of the four tie rods 81 to 84
provides for an absolutely constant force transmission and therewith prevents any
canting. For this purpose, the two used clearance compensation springs 46 are
arranged at two tie rods 81, 83 being diagonal to each other. As an alternative, one
clearance compensation spring 86 could be provided for each of the tie rods 81 to 84.
Of course, the clearance compensation springs 86 can preferably be arranged in total or
partially also in the opening piston 51. In addition, the tie rods 81 to 84 prevent a
twisting of the damper piston 46 and the opening piston 51 with respect 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.



31 The door closer according to one of items 25 to 30, characterized in that the solenoid control valve
1 releases the closer spring 56 when de-energized ad enables the free-swing mode when energized.
32 The door closer according to one of the precedin% items, characterized by a spring-loaded check
valve 68 arranged between the lock compartment 61 and a space becoming smaller during the
opening pregrasfion aapticatiraisasapryivetaiimgapacefovdigr teaolpse sprotgciidrereésotse The
spring-loaded chieck valve 68 locks towar thfe space becoming%%&maller 33 The doorglé)sFr aiﬁording
to item 32 A SRR thE e Fallie S8 IUEERNG e TrRRYPHRE RIGRHRIC B RIS pace
becomingwsmallgy issprefutesdonzei Wy die perisigaploahss drdds seuspdtigedy pinwvipedrthretins the
check valve 68 into,the lock compartment 61. 34. The dooy closer according to one of items 32 or 33,
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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 piston 51, 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, the piston assembly 94 according to Figs. 9 and 10 according to the

third embodiment can be preferably combined with the second pressure spring 52.

Figs. 11, 12 and 13 show a fourth, fifth and sixth embodiment for a door closer 41,
wherein the switching symbol for the solenoid control valve 1 is respectively shown. Fig.

12 illustrating the fifth embodiment shows the preferred variant.

The fourth embodiment according to Fig. 11 shows a very simple embodiment, in which
the operating line A to the closure damping compartment 58 is omitted in such door
closer 41. The solenoid control valve 1 here only controls a connection of the pressure
line P from the lock compartment 61 to the tank line T. The pressure line P can
alternatively be open or closed, such that the free-swing is selectively de-activated or
activated.

Fig. 12 shows the switching symbol for the fifth embodiment. Herein, the pressure line P
is connected to the tank line T in a de-energized state of the solenoid control valve 1,
shown on the left side. The operating line A is blocked. The switching position on the
right shows the energized state of the solenoid control valve 1. Herein, the pressure line

P and thus the lock compartment 61, and consequently also the closer spring 56, are



a valve chamber 3 integrated into the valve housing 2 and including a first valve seat bore 6 as a
connection to a first line, in particular a pressure Iing&, a second valve seat bore 7 as a connection to
a second line, in particular an operating line A, and a‘tree aperture 8 as a connection to a third line, in
particular a tank line T, a solenoid 4, and a valve spindle 5 moved by said solenoid 4 and partially
arrangedadekbe. vehe closonreed Smyingy ejoriiparatenh s pBdie Shoaeyprisepienisink the tralvepdattgr 3, a
first seai)ﬁ%s rface facing 9 the first valve seat bore 6 and a second sealing surface 11 facing the
second eat bore 7, such that selectively the first valve seat bore 6 or the second valve seat
bore 7 can be closed, wherein the valve spindle 5 extends from the valve chamber 3 through the

second valve seat bore 7 toward the solenojid 4, and wherein, when the secqnd valve seat bor is
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valve according to jtem |, characterized in that a sealing digmeter D1 of the valve spindle 5 outside the
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items | of I?,Sétrﬁ%r%%[t‘@wzngdcl%rﬂ?ﬁr e %%E)eln &' or%g S %né( 15 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
sorewed intg e st par 13, I, The Avdralicalenold entiolualés ascardin o.one pliesd o i
characterized in that'a seal 25, 1h parficular a’groove ring seal, IS arranged between the valve spindle
5 and anclusetde apaurding of tive sivlereitbdnneneisStiraqueanntiye spemesh i freelyesigmedtdteto the
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explained based on Figs. 17 and 18.

Based on Fig. 14, the switching position according to Fig. 12, left side, is shown. Figs.
15 and 16 show the switching position according to Fig. 12, right side.

Fig. 14 shows a sectional view of the hydraulic 3/2-solenoid control valve in a de-
energized state. The hydraulic 3/2-solenoid control valve 1 comprises a valve housing
2, a valve chamber 3 integrated into the valve housing 2, a solenoid 4 and a valve

spindle 5. The valve spindle 5 moves in a longitudinal direction along a valve axis 38.

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 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.

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.



V. A hydraulic solenoid control valve, in particular a hydraulic 3/2-solenoid control valve 1, comprising
a valve housing 2, a valve chamber 3 integrated int #he valve housing 2 and including a first valve
seat bore 6 as a connection to a first line, in particul% a pressure line P, a free aperture 8 as a
connection to a second line, in particular an operating line A, and a second valve seat bore 7 as a

connectiindosadbitd [vaet I8 Esdtisidarfmtankdingtdricr sflgroicheatithanalve gpiodithaeaasbhy said
solenoid 4 and partially arranged,in the valve champer 3, wherein the valve spindle 5 cqmprises, within
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surface lhdacing thieaseioond.valve seat bore 7, such that selectively the first valve seat bore 6 or the
second valve seat bore 7 can be closed, wherein the valve spindle 5 extends from the valve chamber

3 through the second valve seat bore 7 toward the solenoid 4. VIThe hydraulic solenoid control valve
accordinghe itenovidoharats i eddntiae &pivthe Gicowipiteethiadfiise soaimqrsuatace spatmdizdf the
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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 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 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 state, this results in an opening of the first valve seat bore

6.

At 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 cone ring surface 11 is formed about the complete circumference
of the valve spindle 5. In a de-energized state of the solenoid 4, said cone ring surface
11 is pushed onto the second valve seat bore 7 and therewith seals the operating line A

with respect to the valve chamber 3.

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 longitudinal valve axis 38. In the pole core 18, a
borehole 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 line or
voltage supply 21 for connecting a control unit to the hydraulic 3/2-solenoid valve 1. The



45 VIl The hydraulic solenoid control valve according to one of items | to VI, characterized in that a
diameter of the first valve seat bore 6 is smaller thagg diameter D2 of the second valve seat bore. VIII.
The hydraulic solenoid control valve according to one of items | to VII, characterized in that a valve
pressure spring 14 is arranged between the first valve seat bore 6 and the valve spindle 5. IX. The

hydraulicaseiangisl TNl tral\soke cording tarerejating int\d sl cbasorBe i achisy that heutettomd
sealing surface 11 seals the seand v?ée s%at‘_lborej ig a de-energized state of the solenoid 4, and
that the ét%ﬁﬁ%86§Wﬁ§8et@es%§EVﬁ] i é\fé%%@;ﬁl ore 6 in an energized state of the solenoid 4.

X. The hydraulic solenoid control valve according to one of items | to I1X, characterized in the first
sealing syrface 9 comprjses a convex surface, in particular a pall 10. XIThe hydraylic solenoid, gontrol
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valve 1 according to

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 spindle 5 to the longitudinally extending borehole.

Due to the split structure of the valve spindle 5, in particular, the longitudinal borehole

can be formed along the longitudinal valve axis 38 inside the valve spindle 5.

The valve housing 2 comprises a base housing component 26, a first valve chamber
insert 27 and a second valve chamber insert 28. The first valve chamber insert 27 and
the second valve chamber insert 28 together form the valve chamber 3. The hydraulic
3/2-solenoid control valve 1 is structured and assembled as follows: An annular
extension 29 is disposed at the solenoid 4. A part of the second valve 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 and is 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 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.

In addition, the housing 2 comprises a cap 30. The cap 30 encases the solenoid 4 and
sits on the base housing component 26.



46 one of items Ito Xl or a hydraulic cartridge solenoid control valve according to one of items XII or
XIll, wherein the valve adapter is formed in the door_closer 41. XV The door closer according to item
XIV, comprising a door closer housing 42, an output3 aft 48 to be connected to a door, a piston
assembly 94 connected to the output shaft 48 and guided in the door closer housing 42, a closer
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piston as 45 the closer spring 56, wherein the piston rod 54 passes through the separating
wall 53 in a fluid-tight manner. XVII. The door closer according to one of items XV or XVI,

h ized hy.a cl ' ion piston 55 guided in the doqy claser housing 42 and aputti
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SOIenOidfﬁ)ri]strgfig\;/ﬁhﬁles%)}ﬁ)ﬂg-fgg ecd)Wfﬁmr(temc%rr]ﬁpsélnsation spring 33. The compensation 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.

The 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
operating lines A and the tank lines T obviously deviate from said rotation symmetry.
The pressure line P and the operating line A end at respectively at least one position on
the circumferential surface of the base housing component 26. At this position, ring
channels 39 are formed. Said ring channels 39 are sealed with O-ring seals 40, when
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 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 therefore not connected to the

valve chamber 3.



List of Reference Numerals 13/2-solenoid control valve 2valve housing 3valve chamber 4solenoid
Svalve spindle 6, 7 valve seat bores 8free aperture %aonvex surface 10ball

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 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 surfaces of the valve spindle 5:
The first surface is calculated by (D224 * n) — (D32%/4 * n). The second surface is
calculated by (D1%/4 * n) — (D3%/4 * n). 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. Therewith, the valve pressure
spring 14 is supported and the cone surface 11 is pulled into the second valve seat bore
7.

Based on the fifth embodiment, it was explained how a hydraulic 3/2-solenoid control
valve 1, in particular with a cartridge design, can be formed for 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 therewith blocks the
connection of said line with respect to the tank in an oil-tight manner. On the magnet
side, the valve spindle 5 is radially formed with a groove ring seal 25 with respect to the
armature space 22. The sealing diameter D1 of the valve spindle 5 toward the armature
space 22 is larger than the second valve seat bore 7. Therewith, there results 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 generated through the
area ratio between the operating line and the sealed armature space 22, which force
pulls the valve spindle 5 toward the solenoid 4 and acts in addition to the elastic force
against the second valve seat bore 7. The sealing effect 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 force is prevented. In this position,

the pressure line P and the tank line T are connected to each other.
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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 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 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. In particular a
combination of ball seat and cone seat in a valve, in particular on a valve spindle, and/or

the differential-area-ratio are applicable for other valves according to the invention.

Based 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 explained in more detail. Both
figures show the de-energized switching position with an open pressure line P, as
shown schematically on the left side of Fig. 13. Identical components or components
identical in function are designated with identical reference numerals in all
embodiments. In particular, the solenoid control valve 1 used in the sixth embodiment
corresponds to the solenoid control valve 1 used in 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 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 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



21connecting line 22armature space 23sleeve 24insulation 25groove ring seal 26base housing
component 27first valve chamber insert 28second vgéve chamber insert 29extension 30 cap

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 a polygon.

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
chamber insert 28. Rather, only one valve chamber insert 27 is used in this

embodiment.

The solenoid valves according to the fourth, fifth and sixth embodiments of the door
closer 41 can preferably be used in all embodiments of the door closer 41 proposed

herein.

Fig. 19 shows a door closer according to a seventh embodiment. Identical components
or components identical in function are designated with identical reference numerals in
all embodiments. The assembly for avoiding a so-called rebound of the closer spring
tension piston 55 proposed in the seventh embodiment can preferably be used in all

embodiments of the door closer 41 proposed herein.

Fig. 19 shows an embodiment of the third check valve 68 in the closer spring tension
piston 55 as a spring-loaded check valve. The space inside the door closer housing 42,
in particular inside the second door closer housing part 44, in which the closer spring 56
is arranged, is herein referred to as closer spring accommodating space 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
addition, Fig. 19 shows the fourth check valve 69 also as a spring-loaded check valve.
The third check valve locks the hydraulic flow from the lock compartment 61 into the
closer spring accommodating space 92. The fourth 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 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
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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 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 line T. Thus, the hydraulic oil is biased in the
closer spring accommodating space 92 by the closer spring tension piston 55 during the
opening process and flows into the lock room 61 with a specific pre-pressure.

Therewith, the undesired rebound is considerably reduced.

Further, the following components and preferred specifications are provided according

to the invention:

1. A door closer 41, in particular a hinge door closer, including a locking function or
free-swing function, comprising:
a door closer housing 42,
an output shaft 48 to be connected to a door,
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 connect the piston assembly 94 to the closer spring 56,
a hydraulic lock compartment 61 adapted to lock the closer spring 56, and
in particular 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 56 is locked.

2. The door closer according to item 1, 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 passes through the separating wall

53 in a fluid-tight manner.
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44second door closer housing part 45first pressure §gring 46damper piston 47first cam roller 48output
shaft, formed as a cam shaft
3. The door closer according to one of the preceding items, characterized by a closer
spring tension piston 55 guided in the door closer housing 42 and abutting on the

closer spring 56.

4. The door closer according to items 2 and 3, characterized in that the lock
compartment 61 is formed between the separating wall 53 and the closer spring

tension piston 55.

5. The door closer according to one of the preceding items, characterized in that the
free-swing assembly is formed as a sliding-coupling which exclusively transmits

compressive force between the closer spring 56 and the piston assembly 94.

6. The door closer according to one of the preceding claims, characterized in that the
free-swing assembly is arranged between the piston rod 54 and the piston

assembly 94.

7. The door closer according to one of the preceding items, characterized in that the
free-swing assembly comprises a first front face 74 arranged vertically with respect
to the longitudinal door closer axis 62 and being fixedly connected to the piston
rod 54, as well as a second front face 72 in parallel with the first front face 74 and
fixedly connected to the piston assembly 94, wherein the second front face 72 lifts
off from the first front face 74 and thus decouples when the closer spring 56 is

locked.

8. The door closer according to one of the preceding items, characterized in that a
pocket 71 is formed in the piston assembly 94, wherein the piston rod 54 is guided

movably within the pocket 71.

9. The door closer according to item 7, characterized by an additional piston 95
guided in the door closer housing between the piston assembly 94 and the piston
rod 54 and fixedly connected to the piston rod 54, wherein the first front face 74 is

formed at the additional piston 95.



49rolling contour 50second cam roller 51opening piston 52second pressure spring 53housing
separating wall 54piston rod 55closer spring tensio%giston 56¢loser spring 57adjusting unit for closer
spring bias 58closure damping compartment
10. The door closer according to item 9, characterized in that the connection between
piston rod 54 and additional piston 95 is formed pivotally about a first axis 79

arranged perpendicular to the longitudinal door closer axis 62.

11. The door closer according to item 10, characterized in that the connection
between piston rod 54 and closer spring tension piston 55 is formed pivotally
about a second axis 80 being perpendicular to the longitudinal door closer axis 62
and the first axis 79.

12. The door closer according to one of the preceding items, characterized in that the
output shaft 48 comprises a cam-shaped rolling contour 49, in particular a cam
disc, and the piston assembly 94 comprises at least one cam roller 47 abutting on

the rolling contour 49.

13. The door closer according to item 12, characterized in that the piston assembly 94
comprises a damper piston 46 including a first cam roller 47 and an opening piston
51 including a second cam roller 50, wherein the output shaft 48 is arranged

between the damper piston 46 and the opening piston 51.

14. The door closer according to item 13, characterized in that the damper piston 46

and the opening piston 51 are connected via tie rods 81-84.

15. The door closer according to item 14, characterized in that the damper piston 46
and the opening piston 51 are connected via four tie rods 81-84.

16. The door closer according to one of items 14 or 15, characterized in that
respectively two of the tie rods 81, 83; 82, 84 are arranged symmetrically with
respect to the longitudinal door closer axis 62.

17. The door closer according to one of items 15 or 16, characterized in that two tie
rods 81, 82 are arranged above the rolling contour 49 and on both sides of the
output shaft 48, and two further tie rods 83, 84 are arranged below the rolling
contour 49 and on both sides of the output shaft 48, such that the overall height 91



59piston assembly inner space, in particular cam shaft space 60opening damping compartment 61lock
compartment 62longitudinal door closer axis 63secopnd throttle valve 64third throttle valve 65first
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of the rolling contour 49 is arranged between the two upper tie rods 81, 82 and the

two lower tie rods 83, 84.

18. The door closer according to one of items 15 to 17, characterized in that the piston
assembly comprises 94 at least two integrated clearance compensation springs
86, wherein at least two tie rods 81, 83; 82 84 being arranged diagonally to each
other are tensile-loaded by means of the clearance compensation springs 86, in
order to compensate for a clearance between the rolling contour 49 and the cam
rollers 47, 50.

19. The door closer according to item 18, characterized in that the clearance
compensation springs 86 are arranged in the damper piston 46 and/or in the

opening piston 51.

20. The door closer according to item 19, characterized in that the tie rods 81-84
protrude through the clearance compensation springs 86, wherein the clearance
compensation springs 86 are formed as pressure springs and press against the
ends of the tie rods 81-84, such that the tie rods 81-84 are tensile-loaded.

21. The door closer according to item 13, characterized in that a first pressure spring
45 is arranged between the damper piston 46 and the door closer housing 42,
wherein the first pressure spring 45 is configured for a clearance compensation

between the rolling contour 49 and the first cam roller 47.

22. The door closer of according to one of items 9 or 21, characterized in that a
second pressure spring 52 is arranged between the opening piston 51 and the
piston rod 54 or between the opening piston 51 and the additional piston 95 or
between the opening piston 51 and the separating wall 53, wherein the second
pressure spring 52 is configured for a clearance compensation between the rolling

contour 49 and the second cam roller 50.

23. The door closer according to one of the preceding claims, characterized in that an
additional closer spring 52, in particular a pressure spring pursuant to EN1 or EN2,

is arranged between the piston assembly 94 and the piston rod 54 or between the



49 68third check valve 69forth check valve 70slide ring seal 71pocket 72second front face, in
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24.

25.

26.

27.

piston assembly 94 and the additional piston 95 or between the piston assembly
94 and the separating wall 53, in order to load the piston assembly 94 slightly
toward the closing direction when in free-swing-mode, wherein the additional
closer spring 52 is weaker than the closer spring 56.

The door closer according to one of the preceding items, characterized by a
solenoid control valve 1, in particular a 3/2-solenoid control valve, wherein a
closure damping compartment 58 is formed between the door closer housing 42
and the piston assembly 94 on a side of the piston assembly 94 facing away from
the piston rod 54, and wherein the solenoid control valve 1 controls at least the
pressures in the closure damping compartment 58 and in the lock compartment
61.

The door closer according to item 24, characterized in that a first hydraulic line, in
particular a pressure line P, extends from the lock compartment 61 to the solenoid
control valve 1, a second hydraulic line, in particular an operating line A, extends
from the closure damping compartment 58 to the solenoid control valve 1, and a
third hydraulic line, in particular a tank line T, extends from the solenoid control

valve 1 to a tank compartment 31.

The door closer according to one of items 24 or 25, characterized by an opening
damping compartment 60 between the piston assembly 94 and the separating wall
53 and between the piston assembly 94 and the additional piston 95, and a first
throttled connection 78 disposed between the opening damping compartment 60

and the tank compartment 31.

The door closer according to item 26, characterized by a first unthrottled
connection 77 between the opening damping compartment 60 and the tank
compartment 31, wherein the first throttled connection 78 is always open and the
first unthrottled connection 77 is either closed or opened, depending on the

position of the piston assembly 94.
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28.

29.

30.

31.

32.

33.

34.

The door closer according to one of items 24 to 27, characterized by at least one
further throttled connection 75, 76 arranged between the closure damping

compartment 58 and the tank compartment 31.

The door closer according to one of items 25 to 28, characterized in that the
solenoid control valve 1 connects the first line to the third line and blocks the
second line in a first switching position, and, in a second switching position,
connects the second line to the third line and blocks the first line.

The door closer according to one of items 25 to 28, characterized in that the
solenoid control valve 1 connects the first line to the second line in a first switching
position and connects the second line to the third line and blocks the first line in a

second switching position.

The door closer according to one of items 25 to 30, characterized in that the
solenoid control valve 1 releases the closer spring 56 when de-energized and

enables the free-swing mode when energized.

The door closer according to one of the preceding items, characterized by a
spring-loaded check valve 68 arranged between the lock compartment 61 and a
space becoming smaller during the opening process, in particular an
accommodating space 92 for the closer spring, wherein the spring-loaded check

valve 68 locks toward the space becoming smaller.

The door closer according to item 32, characterized in that the check valve 68 is
arranged such that the hydraulic oil in the space becoming smaller is pre-
pressurized by the opening process and is thus actively pumped through the
check valve 68 into the lock compartment 61.

The door closer according to one of items 32 or 33, characterized in that the check

valve 68 is arranged in the closer spring tension piston 55.
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35. The door closer according to one of items 32 to 34, characterized in that the space
becoming smaller is closed during the opening process except for the check valve

68.

36. The door closer according to item 35, characterized in that a further check valve
69 is arranged between the space becoming smaller and a tank line T, wherein the

further check valve 69 locks toward the tank line T.

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 and including a first
valve seat bore 6 as a connection to a first line, in particular 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 as a connection to a third line, in
particular a tank line T,

- asolenoid 4,

- and a valve spindle 5 moved by said 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 facing 9 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 or the second valve seat bore 7 can be closed,

- wherein the valve spindle 5 extends from the valve chamber 3 through 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 operating line A.

II.  The hydraulic solenoid control valve according to item |, 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.



Asecond line, in particular operating line Tthird line, in particular tank line 50 Patent Claims 1. A door
closer (41), in particular a hinge door closer, includiqgfa locking function or free-swing function,
comprising: a door closer housing (42), an output shatft (48) to be connected to a door, a piston
assembly (94) connected to the output shaft (48) and guided in the door closer housing (42), a closer
spring (56),

lll.  The hydraulic solenoid control valve according to one of items | or Il, 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.

IV. The hydraulic solenoid control valve according to one of items | to I,
characterized in that a seal 25, in particular a groove ring seal, is arranged
between the valve spindle 5 and an armature space 22 of the solenoid 4, wherein
the armature space 2 is freely connected to the third line, in particular the tank line

T, via a connection channel 15 extending through the valve spindle 5.

V. 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 and including a first
valve seat bore 6 as a connection to a first line, in particular a pressure line P,
a free aperture 8 as a connection 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 a valve spindle 5 moved by said 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 facing 9 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 or the second valve seat bore 7 can be closed,

- wherein the valve spindle 5 extends from the valve chamber 3 through the

second valve seat bore 7 toward the solenoid 4.

VI. The hydraulic solenoid control valve according to item V, 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.



a piston rod (54) adapted to connect the piston assembly (94) to the closer spring (56), a hydraulic
lock compartment (61) adapted to lock the closer sp{ g (56), and in particular 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 (56) is locked. 2. The door closer of claim 1, 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) passes through the separating wall (53) in
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4. The door cI%ser oll cl?'é?;stz and 3, characterized. in that the lock compartment (61) is formed
between the s lﬁ'ﬁg ?‘nrg f (% 3?1%091 ¥ \é%rsgsﬁ 8r%nsion piston (55). 5. The door closer of one of

the preceding claims, characterized in that the free-swing assembly is formed as a sliding-coupling
which e@ iely transmits. compressive force petween the clgser spring (56) ncéthe piston embly
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(58) is formed l:()eetv\?en ?e r(]j§%é:lo eEhOl'JSﬁiﬂtg 42) and the piston assembly (94) on a side of the
piston assembsly% ??Sc ng away YA tﬁg'ﬂ on‘rod (54), and wherein the solenoid control valve (1)
controls at least the pressures in the closure damping compartment (58) and in the lock compartment
(61). IX. The hydraulic solenoid control valve according to one of items | to VI,
characterized in that the second sealing surface 11 seals the second valve seat
bore 7 in a de-energized state of the solenoid 4, and that the first sealing surface 9

seals the first valve seat bore 6 in an energized state of the solenoid 4.

X. The hydraulic solenoid control valve according to one of items | to IX,
characterized in the first sealing surface 9 comprises a convex surface, in

particular a ball 10.

XI. The hydraulic solenoid control valve according to one of items | to X, characterized
in that the second sealing surface 11 comprises a cone surface, in particular a

cone ring surface.

XIl. A hydraulic cartridge solenoid control valve, in particular a hydraulic cartridge 3/-
solenoid control valve, comprising a hydraulic solenoid control valve 1 according to
one of the preceding items, wherein the valve housing 2 is configured to be at

least partially inserted into a valve adapter.

XIIl. The hydraulic cartridge solenoid control valve according to item XIl, characterized
by a volume compensation unit 37 including a tank compartment 31, wherein the
volume compensation unit 37 including a tank compartment 31 is integrated into

the valve housing 2 or connected to the valve housing 2 by a flange.

XIV. A door closer 41, in particular a hinge door closer, including a locking function or a

free-swing function, comprising a hydraulic solenoid control valve 1 according to



7. A hydraulic solenoid control valve, in particular a hydraulic 3/2-solenoid control valve (1), comprising
a valve housing (2), a valve chamber (3) integrated into the valve housing (2) and including a first
valve seat bore (6) as a connection to a first line, in ﬁrticular 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) as
a connection torretbfriddins, |itopmtmtdalﬁy:dtaukdinertwgewmw(édnam ealiadvecspinitte (o) oneved

by said solenoid (4) a arran ed in the valve cham herein the v Ive spindle (5)
comprisos, will TR B ch L BRI 4T RME AP CIETASd MRS o] TG URRE! bt bore. (6
and a second sealing surface (11) facmg the second valve seat bore (7) such that selectlvely the first
valve se r the second valve seat hore an be clased, w, erel the valve s
extonds T3 1S, SR AR (o R OR (oL eSncFORIDE Sk BB, FIBRRL oM CBleHoid e
and wherein, wbmtlﬁaﬁ%dwbb&e&a@ﬁm@ t(d)alsjomwptbmn&\seapmgleﬁmammﬂimm itdatibe
second valve se borﬁéﬁ 5% a dlfferen |- ar(-é}e] T%IIO thr UF% gl ess e in the second Ilng
particular opeloalf b"il ) %Hy%i%% Cnt8rPYAI u%rcéoﬁ%rgﬂ 0%, SO%nOId
control valve (pistoonmpdSAgdaetee trousimme@)the piston assembly 94 to the closer spring 56, a

hydraulic lock compartment 61 adapted to lock the closer spring 56, and in

particular 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 56 is locked.

XVI. The door closer according to item XV, 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 passes through the separating wall
53 in a fluid-tight manner.

XVII. The door closer according to one of items XV or XVI, characterized by a closer
spring tension piston 55 guided in the door closer housing 42 and abutting on the
closer spring 56.

XVIII. The door closer according to items XVI or XVII, characterized in that the lock
compartment 61 is formed between the separating wall 53 and the closer spring
tension piston 55.

XIX. The door closer according to items XV to XVII, characterized in that a closure
damping compartment 58 is formed between the door closer housing 42 and the
piston assembly 94 on a side of the piston assembly 94 facing away from the
piston rod 54, the first hydraulic line, in particular a pressure line P, extends from
the lock compartment 61 to the solenoid control valve 1, the second hydraulic line,
in particular an operating line A, extends from the closure damping compartment
58 to the solenoid control valve 1, and the third hydraulic line, in particular a tank
line T, extends from the solenoid control valve 1 to a tank compartment 31



a valve chamber (3) integrated into the valve housing (2) and including a first valve seat bore (6) as a
connection to a first line, in particular a pressure line, 52 (P), a free aperture (8) as a connection 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), a solenoid (4), and a valve spindle (5) moved by said solenoid (4)
and partiglt &t Befeddn deaNdaiveralh@mber (3), wherein the valve spindle (5) comprises, within the
valve chamber (3), a first sealing surface facing (9) 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) or
the second vah@/Zealdwel (¢ miaol halglesed, wherein the valve spindle (5) extends from the valve
chamber_(3) through the second valve seat bore (7) toward the solenoid (4). 9.A hydraulic cartridge
solenoid ontroYéL%%éqH%aﬁicular a hydraulic cartridge 3/-

3 valve chamber
4 solenoid
5 valve spindle

6, 7 valve seat bores

8 free aperture
9 convex surface
10 ball

11 cone ring surface

12 first part

13 second part

14  valve pressure spring

15 connection channel

16 coll

17 armature

18 pole core

19 linear guide

20 gap

21 connecting line

22 armature space

23  sleeve

24 insulation

25 groove ring seal

26 base housing component
27 first valve chamber insert
28 second valve chamber insert
29 extension

30 cap

31 tank compartment

32 volume compensation piston

33 compensation spring



solenoid control valve, comprising a hydraulic solenoid control valve (1) according to one of claims 7 or
8, wherein the valve housing (2) is configured to be af least partially inserted into a valve adapter. 10 A
door closer (41), in particular a hinge door closer, inctuding a locking function or a free-swing function
according to one of claims 1 to 6, comprising a hydraulic solenoid control valve (1) according to one of
claims 7 34 8 orspiygdiaedidragrtridge solenoid control valve according to claim 9, wherein the valve
adapter iggorm(acri"ig ér}ﬁsde?f)r closer (41).

36 filter

37 volume compensation unit

38 longitudinal valve axis

39 ring channels

40 O-ring seals

41 door closer

42 door closer housing

43  first door closer housing part

44 second door closer housing part

45 first pressure spring

46 damper piston

47 first cam roller

48 output shaft, formed as a cam shaft

49 rolling contour

50 second cam roller

51 opening piston

52 second pressure spring

53 housing separating wall

54 piston rod

55 closer spring tension piston

56 closer spring

57 adjusting unit for closer spring bias

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

63 second throttle valve

64  third throttle valve

65 first throttle valve

66  first check valve

67 second check valve



68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
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third check valve
forth check valve
slide ring seal
pocket

second front face, in particular pocket bottom
piston guide

first front face

second throttled connection

third throttled connection

first unthrottled connection

first throttled connection

first axis

second axis

first tie rod

second tie rod

third tie rod

forth tie rod

output (driven) axis

integrated clearance compensation springs
screwing

spring tension nuts

first sealing flange

second sealing flange

height of rolling contour

closer spring accommodating space
step/shoulder

piston assembly

additional piston

first line, in particular pressure line

second line, in particular operating line

third line, in particular tank line
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Patent Claims

1. A door closer (41), in particular a hinge door closer, including a locking function or
free-swing function, comprising:
a door closer housing (42),
an output shaft (48) to be connected to a door,
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 connect the piston assembly (94) to the closer spring
(56),
a hydraulic lock compartment (61) adapted to lock the closer spring (56), and
in particular 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 (56) is locked.

2. The door closer of claim 1, 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) passes through the separating
wall (53) in a fluid-tight manner.

3. The door closer of one of the preceding claims, characterized by a closer spring
tension piston (55) guided in the door closer housing (42) and abutting on the
closer spring (56).

4. The door closer of claims 2 and 3, characterized in that the lock compartment (61)
is formed between the separating wall (53) and the closer spring tension piston
(55).

5. The door closer of one of the preceding claims, characterized in that the free-
swing assembly is formed as a sliding-coupling which exclusively transmits

compressive force between the closer spring (56) and the piston assembly (94).
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The door closer according to one of the preceding claims, characterized by a
solenoid control valve (1), in particular a 3/2-solenoid control valve, wherein a
closure damping compartment (58) is formed between the door closer housing
(42) and the piston assembly (94) on a side of the piston assembly (94) facing
away from the piston rod (54), and wherein the solenoid control valve (1) controls
at least the pressures in the closure damping compartment (58) and in the lock

compartment (61).

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

valve (1), comprising

- avalve housing (2),

- avalve chamber (3) integrated into the valve housing (2) and including a first
valve seat bore (6) as a connection to a first line, in particular 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) as a connection to a third line, in
particular a tank line (T),

- asolenoid (4), and

- a valve spindle (5) moved by said 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 facing (9) 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) or the second valve seat bore (7) can be closed,

- wherein the valve spindle (5) extends from the valve chamber (3) through 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 operating line (A).

A hydraulic solenoid control valve, in particular a hydraulic 3/2-solenoid control
valve (1), comprising

- avalve housing (2),

- avalve chamber (3) integrated into the valve housing (2) and including a first

valve seat bore (6) as a connection to a first line, in particular a pressure line
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(P), a free aperture (8) as a connection 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

- a valve spindle (5) moved by said 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 facing (9) 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) or the second valve seat bore (7) can be closed,

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

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

A hydraulic cartridge solenoid control valve, in particular a hydraulic cartridge 3/-
solenoid control valve, comprising a hydraulic solenoid control valve (1) according
to one of claims 7 or 8, wherein the valve housing (2) is configured to be at least

partially inserted into a valve adapter.

A door closer (41), in particular a hinge door closer, including a locking function or
a free-swing function according to one of claims 1 to 6, comprising a hydraulic
solenoid control valve (1) according to one of claims 7 or 8 or a hydraulic cartridge
solenoid control valve according to claim 9, wherein the valve adapter is formed in

the door closer (41).



