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The Invention relates to a hydraulic switching mechanism (10) for the mobile hydraulics of, for example, hydraulic excavators, with a
valve block, with electrohydraulically activatable valve units for controlling the movement of a working cylinder (6) whose cylinder

o
SSonEeAN S f
.l.!.\‘\-c.c..--.
- h.l‘s_ .\I {\A '
J & "'.

C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CTIPO
OPIC - CIPO 191 SRR




CA 2760497 A1 2010/11/25

en 2 160 497
13) A1

(57) Abrege(suite)/Abstract(continued):
chambers (ZA, ZB) can be selectively connected to a pump connection (P) for hydraulic fluid, to a tank connection (T) or to one

another, and with pre-control valves for activating the valve units, wherein the hydraulic switching mechanism, by means of
separate tank valve units (C2, C4) and pump valve units (C1, C3 ) according to the invention, and also a suitable pre-control
system (7), makes It possible to achieve not only a directional control valve function but also to achieve a directly controlled and
superimposed pre-controlled lowering braking function, a maximum pressure safeguarding of the cylinders and a proportional
throttle valve function for the controlled displacement under negative load forces in the direction of movement and braking in an
emergency. Furthermore, the invention also relates to mobile hydraulic machines having such a hydraulic switching mechanism

and also to valve units therefor.




WO 2010/134001 A1 |[HIL 1! HYP ROV AR LR R

CA 02760497 2011-10-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization l{,f:”_ﬂ""’%\
International Bureau wjf J

(43) International Publication Date
25 November 2010 (25.11.2010)

(10) International Publication Number

WO 2010/134001 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(73)

International Patent Classification:
F15B 13/04 (2006.01) F15B 13/043 (2006.01)
F15B 13/042 (2006.01) F15B 13/02 (2006.01)

International Application Number:
PCT/IB2010/052094

International Filing Date:
11 May 2010 (11.05.2010)

Filing Language: English
Publication Language: English
Priority Data:

10 2009 025 827.2 18 May 2009 (18.05.2009) DE

Applicants (for all designated States except US):
BUCYRUS EUROPE GMBH [DE/DE]; Industriestralle
1, 44534 Limen (DE). BUCYRUS INTERNATIONAL,
INC. [US/US]; 1100 Milwaukee Ave., South Milwaukee,
Wisconsin 43172 (US).

Inventors; and

Inventors/Applicants (for US only). POST, Karl-Heinz
[DE/DE]; Rosenstralle 15, 41564 Kaarst (DE). WHEEL-
ER, Michael, N. [US/US]|; 1002 Fourth St. E., South
Point, Ohio 45680 (US). WHEELER SR., Richard, G.
[US/US]; 202 Reet Ave. #106, Corpus Christi, Texas
78402 (US). WEBER, Robert [US/US]; 38707 N. Chi-
cao Ave., Wadsworth, Illinois 60083 (US).

(74)

(81)

(84)

Agents: ALTHAUS, Arndt et al.; Patentanwalte
Buschhoff Hennicke Althaus, Postfach 19 04 08, 50501
Ko6ln (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the applicant’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(34) Title: HYDRAULIC SWITCHING MECHANISM FOR MOBILE HYDRAULICS, MOBILE HYDRAULIC MACHINE
AND VALVE UNIT

17

(57) Abstract: The invention relates to a hydraulic switching mechanism (10) for the mobile hydraulics of, for example, hydraulic
excavators, with a valve block, with electrohydraulically activatable valve units for controlling the movement ot a working cylin-
der (6) whose cylinder chambers (ZA, ZB) can be selectively connected to a pump connection (P) for hydraulic fluid, to a tank
connection (T) or to one another, and with pre-control valves for activating the valve units, wherein the hydraulic switching mech -
anism, by means of separate tank valve units (C2, C4) and pump valve units (C1, C3 ) according to the invention, and also a suit-
able pre-control system (7), makes it possible to achieve not only a directional control valve function but also to achieve a directly
controlled and superimposed pre-controlled lowering braking function, a maximum pressure sateguarding of the cylinders and a
proportional throttle valve tunction for the controlled displacement under negative load forces in the direction of movement and
braking in an emergency. Furthermore, the invention also relates to mobile hydraulic machines having such a hydraulic switching
mechanism and also to valve units theretor.
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Description

Title of Invention: HYDRAULIC SWITCHING MECHANISM

FOR MOBILE HYDRAULICS, MOBILE HYDRAULIC
MACHINE AND VALVE UNIT

[ 1] The invention relates to a hydraulic switching mechanism tor the mobile hydraulics

of mobile hydraulic machines, in particular hydraulic excavators, with a valve block,
with electrohydraulically activatable valve units arranged in the valve block for con-
trolling the movement of a working cylinder having two oppositely acting cylinder
chambers which can in each case be connected via cylinder connections to the valve
block, wherein the cylinder connections can be selectively connected to a pump
connection for hydraulic tluid, to a tank connection or to one another, and with pre-
control valves for the electrohydraulic activation ot the valve units, wherein a di-
rectional control valve function for the direction ot the movement, and a lowering
braking tunction tor the sequence ot the movement, ot the associated working cylinder
can be controlled by means of the hydraulic switching mechanism. The invention also
relates to mobile hydraulic machines having such a hydraulic switching mechanism
and to valve units theretfor.

2] In the case of driveable and hence mobile working machines, the particular con-
straints and demands placed on the structural design of the hydraulic devices have
resulted in the independent category of mobile hydraulics being developed in parallel
to stationary hydraulics, and the invention relates to the technical field of mobile hy-
draulics. In hydraulic drives tor controlling a hydraulic cylinder or hydraulic motor, the
drive movement normally occurs with pressure and throughtlow generated in a pump
unit against the load forces acting on the cylinder from outside counter to the direction
of movement (positive load forces). However, it 1s also possible in the course of
movement for negative load forces to occur 1n the direction of movement - such as
during lowering of lifted loads, a braking ot moved masses or load direction reversal -
which result 1n undesired leading and uncontrolled lowering of the cylinder. In
addition to the uncontrolled movement, a negative pressure with cavitation would
occur on the cylinder side driven by the pump throughtlow, with the result that the
hydraulic system may be damaged. In order to control the working cylinders 1n mobile
hydraulic machines, use 1s made of 6/3-port directional control valves of piston slide
valve type with a proportional throttling tunction which are designed specifically tor
use 1n mobile hydraulics and which, upon activation, throttle in a proportionally
controlled manner both the o1l inflow from the pump to the working cylinder and the

o1l outflow trom the working cylinder to the tank. The main working movements -
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generally during the extension of the cylinder - occur with positive force loadings,
wherein the load acts in a pushing manner counter to the desired direction ot
movement of the consumer. However, negative force loadings can also occur in both
directions of movement, wherein the load acts in a pulling manner in the same
direction as the desired direction of movement, such as, tor example, during the
lowering of loads, braking ot large moved masses and load change of externally acting
forces. As a consequence, the volumetric tlow tlowing trom the cylinder to the tank
must be throttled in order to prevent undesired acceleration and uncontrolled
movement of the cylinder, and it 1s known to provide valves having a lowering braking
function tor this purpose. In mobile hydraulics, use 1s made of complex mobile control
blocks having a plurality of 6/3-port directional control valves with all the required ad-
ditional functions, including the throughtlow distribution to the connected cylinders
from a delivery pump.

Excavator booms and other working manipulators, such as shovels, buckets or
sliding ploughs, within the sector of mobile working machines are nowadays pre-
dominantly controlled by the operator by means of hand lever pre-control devices
(Jjoysticks). When problematic operating states occur, which may be caused for
example by changing loads or particularly quick or slow movements, the operator must
then perform a corresponding actuating signal correction to maintain the desired
setpoint movements, something which requires appropriate training and experience.
With regard to boom and dipper cylinder control of a shovel excavator, there 1s
obtained a separate function whereby, after the extension operation, the lowering
during the retraction of the cylinders 1s intended to take place through selt-weight
without pump 1ntlow. This function 1s referred to below as 'tloating'. For this purpose,
the piston side and rod side of the working cylinder are bypass-connected or short-
circuited. The o1l displaced trom the piston side through the force ot the weight tlows,
in order to replenish the o1l volume sucked away, partially to the rod side and the
residual quantity tlows to the tank. The lowering speed 1s electrohydraulically propor-
tionally controlled by a throttling bypass valve in a variable remote-controllable
manner. The residual quantity tflowing to the tank tlows via a pre-stressing return valve
which pre-stresses the pressure 1n the cylinder connection to such an extent that no
cavitation can occur in the cylinder through tflow losses in the cylinder line. These
valves which are required for the lowering 1n bypass mode through selt-weight must
additionally be 1nstalled 1n the main tlow with corresponding throughtlow capacity
between the mobile control block and cylinder. Since the mobile hydraulics used to
date produce a throughtlow in the part-load range via a bypass, there occur con-
siderable hydraulic energy losses which considerably reduce the etficiency of the drive

and require a large cooling capacity of the hydraulic system. This loss effect occurs
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particularly when braking negative load forces in the direction of movement since, 1n
order to throttle the throughflow tlowing back trom the cylinder, the hitherto used
valve units with valve slides have to be actuated 1n the closing direction always in the
fine-control range with control edge undercutting. These hydraulic energy losses
caused by the valve control principle come increasingly to the fore as a disadvantage as
the overall size and drive power of the mobile working machine increases.

In particular in the case of large mobile machines and large-area excavators as are
used, for example, in open-cast mining, given the high loads to be controlled, the
required throughtlow quantities and throughflow rates of tar above 1000 L/min, and
the atorementioned disadvantages, mobile machines with a cable control are usually
used.

The object of the invention 1s to provide a hydraulic switching mechanism tor mobile
hydraulics that does not have the atorementioned disadvantages, can be operated with
fewer hydraulic energy losses and makes it possible to dispense with cable controls
even 1n the case of large hydraulic machines.

These and further objects are achieved by means ot the invention indicated in Claim
| tor the hydraulic switching mechanism. Further advantageous contigurations,
specific solutions for the main application area of large hydraulic machines, and also
valve units which can be used with advantage, are indicated in the turther claims.

Provision 1s made according to the invention for four cone-seat valve units
comprising cone seat valves and each having a spring-loaded valve cone to be
provided in the valve block tor a working cylinder, ot which the first valve unit forms
a pump valve unit between the first cylinder chamber connection and the pump
connection, the second valve unit forms a tank valve unit between the first cylinder
chamber connection and the tank connection, the third valve unit forms a pump valve
unit between the second cylinder chamber connection and the pump connection, and
the fourth valve unit forms a tank valve unit between the second cylinder chamber
connection and the tank connection, wherein a pressure-limiting tunction and the
lowering braking function can be achieved for both directions of movement in a
pressure-dependent manner as a function ot the pressure in the cylinder chamber con-
nections by means of the tank valve units via an associated pre-control valve system
comprising a plurality ot pre-control valves. In the case of the hydraulic switching
mechanism according to the invention, the control block i1s provided with four valve
units having cone seat valves optionally designed tor maximum throughtlow rates in
order to control the working cylinders with the directional control valve tunctions of
starting, stopping and direction of movement control and, by means ot a suitable pre-
control valve system, also lowering through weight loading in cylinder bypass control

without additional valves, i1t being possible, as a function ot the pre-control valve
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system, tor the tank valve units to be given additional valve tunctions such as directly
controlled with superimposed pre-controlled lowering braking tunction, maximum
pressure safeguarding of the cylinders, and proportional throttle valve tunction for the
controlled displacement under negative load forces 1n the direction of movement and
braking during an emergency stop. Particularly tor hydraulic excavators for moving
large loads, 1t 1s advantageous if, in order to achieve optimum energy utilization, the
speed control of the working cylinder movement occurs directly by adjusting the pump
delivery tlow without additional throttle valve tunctions. The cylinder connections can
each be connected to a pump unit via the two pump valve units. The cylinder con-
nections can each be connected to the tank via the tank valve unit. The valve cones of
the tank valve units are controlled and positioned pressure-dependently via a control
connection and also via the pilot and pre-control valves which are preferably integrated
in a valve block.

To optimize the mobile hydraulics, it 1s particularly advantageous it the tank valve
units make it possible, 1in addition to the directional control valve function for starting,
stopping and direction influencing, to ensure a blocking tunction in the zero position,
maximum pressure sateguarding ot the two cylinder chambers, hence a piston side or a
cylinder rod side of the working cylinder, a counterpressure function with adaptation
of the counterpressure to the cylinder load torce, hence a lowering braking valve
function with activatable, relievable counterpressure function for both directions ot
movement of the working cylinder, and an electrohydraulic proportional throttle valve
function for the cylinder outtlow control to the tank during the braking of negative
cylinder load forces and moved masses independently of the delivery tlow control ot
the pumps. It 1s further advantageous if the proportional throttle valve tunction can also
be used in addition to controlling the lowering operation tor the cylinder retraction
through cylinder load torce (weight torce) without pump intlow, 1.e. a so-called
tloating’, something which can be achieved, 1in particular, if, according to a particularly
advantageous configuration according to the invention, the proportional throttle valve
function 1s integrated via the pre-control valve system into both tank valve units. The
combining of a plurality of valve functions in a valve unit correspondingly requires a
pre-control circuit, composed ot a plurality ot pilot or pre-control valves, in a pre-
control valve system, and the text which follows reveals numerous advantageous con-
figurations and variants of valve units and pre-control valve systems for achieving the
plurality of valve functions in combination with a compact and operationally reliable
construction ot the hydraulic switching mechanism.

According to an advantageous contiguration, the valve cones of the tank valve units
can have a seat surtface which 1s directly pressurized with the pressure 1n the associated

cylinder connection, and a control surface which 1s indirectly pressurized with the
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same pressure through the interposition of a pressure-limiting valve in the pre-control
valve system. The switching position of the valve cone 1s dependent on the control
pressure exerted on the control surtace in relation to the pressure torces which are
active on the seat surtaces via the hydraulic pressure in the cylinder chamber con-
nections. When the control pressure 1s relieved, the valve cone opens and throughtlow
can occur in both directions; when the control pressure 1s applied, the valve cone
closes and blocks the throughtlow 1n a leakage oil-free manner. Further preferably, a
nozzle can be arranged 1n a control line between the cylinder connection and the
pressure-limiting valve, and/or a nozzle can be arranged 1n a control line between the
pressure-limiting valve and a control chamber for pressurizing the control surtace. The
tank valve units can then form pressure-limiting valves which are pre-controlled in
their output function, 1t being possible by switching a pre-control valve 1n the pilot
valve system to achieve additional pressure relief.

In order to increase the opening pressure of the valve cone to blocking pressures of,
for example, 60 bar to 100 bar, as may occur in particular when using the hydraulic
switching mechanisms according to the invention in the mobile hydraulics of heavy-
load excavators, 1in addition to a valve spring, the valve cone of the tank valve unit can
be subjected to the spring torce of a disc spring stack in the direction of the valve seat.
According to a particularly advantageous configuration, the valve cone 1s designed as a
hollow socket with a cavity situated opposite the seat surtace, wherein the valve spring
and a plunger each bear against the valve cone by one end at the bottom of the cavity,
and the other end of the plunger 1s subjected to the spring torce of the disc spring stack.
The 1nstallation 1nto the tank valve units of a disc spring column guided by a plunger
means that it 1s possible, via the plunger, to transmit additional high closing forces to
the valve cone, and an additional directly controlled pressure limiting can be produced.
Consequently, and as a result of the friction between the series-arranged disc springs,
there 1s an improvement in the stability in the regulating response 1n the case of the
installed pre-controlled pressure functions. The directly acting closing function of the
disc spring stack on the valve cone atfords an additional satety function, which means
that even 1n the event of a tailure of the pre-control system - for example in the event
of clogging ot the inlet nozzle to the pressure-limiting valve and resulting lack ot
pressure build-up on the valve cone control surtace, this directly acting counterpressure
of the disc spring torce remains for braking purposes.

It 1s particularly advantageous if, in the case of the tank valve units, a lifting piston
sleeve with a lifting piston is arranged between the disc spring stack and the valve
cone, wherein that surface of the lifting piston which is situated facing away trom the
disc spring stack torms a lifting piston control side and can be subjected to or 1s

subjected to the hydraulic pressure ot the respective other cylinder chamber connection
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via a control line. Preferably, the lifting piston 1s guided displaceably on the plunger
and 1s moveable relative to the plunger in the axial direction. This lifting piston
function 1s mechanically kinematically uncoupled from the valve cone/plunger
movement and acts only on the column of the disc spring stack, with the result that
closing and pressing functions with the valve cone which are controlled by the valve
pre-control system are possible 1n parallel and at the same time. There results the
function of a directly controlled lowering braking valve with an activatable counter-
pressure function.

In order to achieve an extended lowering braking function even for higher load-
holding pressures of up to about 350 bar, according to an alternative embodiment,
there can be arranged in the valve pre-control system a directly controlled pilot
lowering braking valve with a valve cone slide which has an opening pressure surface
which 1s subjected, via a preterably electrically activatable pilot valve, to the pressure
of the control line connected to the associated cylinder chamber connection, and which
has a pressure activation surtace which 1s subjected, via a pressure return line, to the
pressure 1n the other cylinder chamber in order to bring about an additional pressure
relief at the control pressure surtace of the valve cone. Upon actuation of a pilot valve,
this directly controlled lowering braking valve with an activatable counterpressure
function as a pre-control valve tor controlling the pressure ot the valve cone of the tank
valve unit 1s switched on. The tank valve unit then operates in the basic function as a
hydraulically pre-controlled lowering braking valve. The pre-control valve can be set
to the maximum load-holding pressure of the respective application with an additional
satety of 20-30% so that this cylinder load 1s securely blocked against undesired
lowering. Through the pressure return, the pilot lowering braking valve opens at sub-
stantially lower pressures than the set maximum load-holding pressure and, at the
pressure control surtace of the valve cone, generates a lower control pressure which,
together with the directly controlled lowering braking function with valve cone and
disc spring stack, produces a resulting braking counterpressure on, tor example, the
cylinder piston side. Even under a changing negative load torce, this braking counter-
pressure still remains precisely high enough for a low drive pressure to be permanently
established on the rod side ot the working cylinder. The directly controlled lowering
braking tfunction with valve cone, plunger, lifting piston and disc spring stack 1s always
active when there 1s a low drive pressure on the rod side (or the piston side). The pre-
controlled lowering braking function is only activated when there 1s a high drive
pressure on the rod side 1n order, under a simultaneously negative load force, to
produce the required counterpressure for a controlled lowering via the control pressure
on the valve cone. With a load change and a positive load torce F against the direction

of movement, 1t 1s possible as a result ot the required high driving pump pressure on
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the cylinder rod side for the disc spring stack to be raised by the lifting piston as far as
a lifting piston stop such that this stack no longer acts on the valve cone. At the same
time, the pilot lowering braking valve can be completely activated and the control
pressure on the valve cone can be completely removed to the tank such that the valve
cone opens against the valve spring as a non-return valve, with the result that a coun-
terpressure braking the retraction movement 1s avoided on the piston side. In the event
of a sudden stop 1n an emergency situation, it 1s also possible, independently of the
lifting piston/disc spring stack assembly, for the valve cone to be displaced into the
closed position by relieving the pilot directional control valve. The influence of the
pre-controlled lowering braking valve tunction can be varied through the use of inter-
changeable pilot lowering braking valves with different transmission ratios by means
of stepped pressure activation surfaces and thus adapted to the ditterent conditions of
the overall control. Further adaptation of the eftect of this pre-controlled lowering
braking valve function 1s possible via the size of a nozzle preterably connected
upstream of the pilot lowering braking valves. The directly controlled lowering braking
function with valve cone and disc spring stack and lifting piston for counterpressure
control leads to a signiticantly improved stability behaviour.

[13] In order to be able in a simple manner to modity the transmission ratio for the direct
lowering braking function in order to reduce the drive pressure, i1t i1s advantageous if
the lifting piston 1s installed 1n an interchangeable insert which can be interchanged as
a structural unit 1n a completely functional manner atter disassembly ot a valve block
cover and, if appropriate, can be replaced by lifting pistons having different hydraulic
active surfaces.

| 14] According to a further advantageous configuration, a proportional throttle valve
function is possible with the hydraulic switching mechanism. The additional pro-
portional throttling function can be controlled 1n particular via the tank valve units and
the pre-control system for regulating the hydraulic oil tflow from the cylinder to the
tank connection. The proportional throttling tfunction ensures that a 'tfloating’, 1.e. a
control of the lowering movement through selt-weight without pump intlow for the
cylinder retraction, 1s possible, a limiting of the maximum cylinder speed 1s ensured in
the case of delayed response of the lowering braking valve function and/or in the case
of extreme cylinder load conditions, and turthermore a proportionally controlled
outtlow throttling function 1s made possible during load cycles with stability problems
occurring during the lowering braking function. In a normal case, the lowering
movement of the cylinders should here take place through the weight force acting on
the cylinder as a negative load torce in the direction of movement. By activating
turther pilot directional control valves, the two pump valve units C1 and C3 can be

opened and the cylinder chambers of the working cylinder, hence the piston side and
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rod side of the working cylinder, can be hydraulically connected. It at the same time a
tank valve unit 1s opened in a throttled manner, a portion of the throughtlow displaced
from the piston surtace tlows, corresponding to the surtace ratio of the cylinder, via the
pump valve unit arranged 1n series for this purpose in order to replenish the oil volume
sucked away from the cylinder rod side ZB. The remaining residual tlow displaced as
surplus tflows away 1n a throttled manner to the tank, with the lowering speed of the
cylinder being determined by setting the throttling opening cross section. A return tflow
to the pump 1s preferably prevented by a non-return valve in the pump inlet. Since the
weight force acts directly on the piston rod surface after the short-circuit connection ot
the cylinder connections, owing to the resulting higher pressure through pressurization
of the lifting piston via the control line Z2, this lifting piston will raise the disc spring
stack and completely cancel or at least to a large degree compensate tor the closing
force on the valve cone.

The opening stroke of the valve cone of the tank valve units, which stroke 1s pro-
portional to a predetermined electrical signal, can be produced by means ot different
electrohydraulic positioning systems. For the preterred application area ot hydraulic
excavators which are exposed to harsh environmental influences, simple, robust
systems without electronics installed on the valve are preterred tor internal return lines.
According to an advantageous variant embodiment, it 1s possible, in particular to set
the throttling opening cross section, for the tank valve units each to be assigned an
adjusting piston system with internal position regulation through force balancing. The
actuating piston system 1is preferably arranged in a portion adjoining the installation
chamber for the disc spring stack and comprises a pressurized actuating piston which
bears against the plunger with pre-stressing in the closing direction ot the valve cone.
The actuating piston preterably has a pressure surtace which 1s larger, preferably about
1.1 to 2.2 times larger, than the seat surtface of the valve piston of the assigned tank
valve unit. The pressurization ot the actuating piston is preterably adjustable by means
of a proportional magnet, a control piston and a return spring and/or the actuating
piston system 1s assigned a control valve with alternate pump connection or tank
connection coupling. The proportional throttling function can then become operative in
a superimposed manner with respect to the opening stroke limiting during the lowering
braking function and separately also as outtlow throttling during cylinder lowering
through self-weight (tloating), wherein the closing torce of the disc spring stack 1s
reduced or cancelled corresponding to the cylinder pressure which 1s established after
the connection of the two cylinder sides. By virtue ot the torce-locking connection of
the valve cone via the plunger against the actuating piston with an enlarged active
pressure surface, there results a differential piston assembly which can be positioned

by pressure control on the actuating piston surface acting in the closing direction via a
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three-way control valve having alternate pressure or tank connection. The positioning
1s carried out 1n the closed position control loop by force balancing at the control
piston between the actuating torce of the proportional magnet as a set point value and
the spring torce, produced by the actuating piston proportionally to the opening stroke,
of a return spring as actual value. Alternatively, in order to control the throttling
opening cross section, the tank valve units can each be assigned an electric stepping
motor, 1n particular a linear motor, and a tollowing piston system comprising a control
piston and following piston. The positioning ot the opening stroke by the proportional
throttle valve can continuously occur analogously through adjustment ot the control
valve by the proportional magnet or the electrical linear motor during the lowering
movement. However, the stroke opening position can also be set as a fixed set point
value at the proportional magnet or the electrical linear motor betore the lowering
movement. Upon actuation of an assigned pilot directional control valve, the adjusting
piston or following piston, coupled with the valve cone, runs into this predetermined
position.

The pilot control valves and pilot directional control valves of the pre-control valve
system and/or the overall pilot control circuit are preterably arranged in a valve
housing cover which can be releasably connected to the valve block.

The main application area of the invention concerns hydraulic machines, in particular
large hydraulic excavators having flow rates far in excess of 1000 L/min, with at least
one hydraulic cylinder as working cylinder tor adjusting at least one arm connected to
a working implement such as a bucket, shovel or the like, with a pump unit for
generating a hydraulic o1l tlow, with a hydraulic switching mechanism comprising a
valve block as mobile hydraulics tor the hydraulic machine, with electrohydraulically
activatable valve units arranged 1n the valve block tor controlling the movement of the
working cylinders, and with pre-control valves in the hydraulic switching mechanism
for the electrohydraulic activation of the valve units, wherein a directional control
valve function for the direction ot the movement, and a lowering braking function tor
the sequence of movement, ot the associated working cylinder can be controlled by
means of the hydraulic switching mechanism, wherein a hydraulic switching
mechanism designed according to the invention, as described above, 1s used in these
hydraulic machines. It 1s then particularly advantageous if, in particular to achieve
optimum energy utilization 1n all load ranges with particular consideration to part load,
the speed control of the working cylinder 1s pertormed only via the pump delivery tlow
without additional control valve throttling losses. For this purpose, when use 1s made
of diesel engines as the drive unit, the pump delivery quantity can be produced with
variable displacement pumps and, by electrohydraulic adjustment ot the pivoting

angle, the delivery tlow and hence the speed ot the working cylinders can be
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controlled. Additional throttle valves in the cylinder intflow with energy losses for con-
trolling the delivery tlow regulator of the variable displacement pump are then no
longer required. When use 1s made ot electrical three-phase motors as the drive unit,
the pump delivery tlow can be produced with tixed displacement pumps and be
regulated by rotational speed regulation with frequency converters.

The invention also relates to the valve unit for the above-described hydraulic
switching mechanism for mobile hydraulic machines, in particular tank valve units
which are designed as a cone-seat valve of cartridge construction which can be inserted
into a bore 1n the valve block and which comprises a valve sleeve, valve cone and
valve spring, wherein the valve cone 1s designed as a hollow socket with a cavity
situated opposite to a seat surtace as a bearing surtace for the valve spring and for a
plunger which 1s subjected to or can be subjected to the spring torce of a disc spring
stack. It 1s particularly advantageous if the disc spring stack and the plunger are
arranged together with a lifting piston in a lifting piston sleeve, wherein the lifting
piston 1s guided displaceably on the plunger and 1s moveable relative to the plunger in
the axial direction of the mounting bore 1n the valve block, and that side of the lifting
piston which 1s situated facing away from the disc spring stack forms a lifting piston
control side. The lifting piston sleeve together with the associated tunctional parts can
be advantageously arranged in the valve block cover so that, by exchanging the lifting
piston sleeve for a lifting piston sleeve having ditferent active surtaces and/or by ex-
changing the cartridge valves tor a cartridge valve having a difterent valve nominal
s1ze, optimum adaptation to the required throughtlow capacities and pressure
conditions can be achieved.

Further advantages and configurations ot a hydraulic switching mechanism
according to the invention, particularly for use in large hydraulic machines, will
become apparent from the description given below ot schematic tigures tor the con-
struction of the switching mechanism together with the associated pilot valve control
circuit. In the drawing:

Fig. 1 schematically shows a hydraulic excavator with a hydraulic switching
mechanism according to the invention;

Fig. 2 schematically shows, by way of a combination of a hydraulic block diagram
and sectional view through a valve block, the construction ot a hydraulic switching
mechanism according to the invention with two tank valve units and two pump valve
units;

Fig. 3 schematically shows the hydraulic circuit in a hydraulic switching mechanism
according to the invention for both directions of movement ot a working cylinder;

Fig. 4 schematically shows, by way of a combination of a hydraulic block diagram

and a sectional view, the basic construction of a tank valve unit according to the
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Invention;

[24] Fig. 5 shows 1n a detail view the valve cone with plunger actuation and lifting piston
tor relieving the disc spring stack in the tank valve unit according to Fig. 4;

[25] Fig. 6 shows the tank valve unit according to Fig. 2 with an extended lowering
braking function tor higher load-holding pressures up to 350 bar with an additional
pilot lowering braking valve in a lowering braking tunction;

[26] Fig. 7 shows the tank valve unit according to Fig. 5 with a positive load force and
with completely uncoupled disc springs;

[277] Fig. 8 shows the other tank valve unit 1n a working function as a throttle valve for
lowering in bypass control mode (tloating);

| 28] Fig. 9 schematically shows the valve block with all the valve units for activating a
working cylinder during tloating;

[29] Fig. 10 schematically shows the valve block similarly to Fig. 9 in a working function
as a throttle valve for a proportionally controlled outtlow throttling function to limit
the maximum cylinder speed;

[|30] Fig. 11 schematically shows the construction of one of the tank valve units with a
proportional magnet and actuating piston system for regulating the throttle valve
function;

[31] Fig. 12 shows 1n a sectional view the construction of the actuating system with
actuating piston and proportional magnet; and

[32] Fig. 13 schematically shows the construction of one of the tank valve units with a
linear motor for regulating the throttle valve tunction.

[33] Fig. 1 shows a hydraulic excavator 1 in a design known per se with an undercarriage

2 and turntable 3 which are used to rotatably support a working plattorm with a
machine housing 4, a driver's cab 8 and also boom 9, dipper 11 and in this case a
bucket 12 as working implement. The bucket 1s assigned a hydraulically pivotable
bucket tlap 13 which may, if appropriate, be titted with tools for loosening the soil.
The boom 9, dipper 11 and bucket 12 are connected to one another via pivot joints and
can be electrohydraulically adjusted independently of one another via a joystick (15,
Fig. 2) 1in addition to an associated electrical pilot controller (17, Fig. 2) and separate
working cylinders 6 tor the boom 9, dipper 11 and bucket 12. The excavator 1 1s
preferably a large excavator for extracting materials in open-cast mining, for example,
and all the working movements ot the working implement are here preterably carried
out exclusively hydraulically via the hydraulically retractable and extendable working
cylinders 6, tor which purpose there 1s arranged 1n the machine housing 4 a hydraulic
switching mechanism 10 with a respective valve block 5 and valve block cover 26, via
which block and cover the hydraulic tfluid tlow between a pump 16, the cylinder

chambers of the working cylinders 6 and a tank 19 can be controlled and regulated.
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To achieve optimum energy utilization 1n all load ranges with particular con-
sideration to the part load, the speed of the operating cylinders 6 in a hydraulic
excavator 1 designed according to the invention is controlled only via the pump
delivery tlow ot the pump 16 without additional control valve throttling losses. When a
diesel engine 1s used as the drive unit for the hydraulic excavator 1, the pump delivery
quantity 1s generated with variable displacement pumps, with the delivery tlow and

hence the speed ot the working cylinders being controlled by electrohydraulic ad-

justment of the pivoting angle. Additional throttle valves in the cylinder inflow with

energy losses tor controlling the delivery tlow regulator of the variable displacement
pump are then no longer necessary. When electrical three-phase motors are used as the
drive unit, the pump delivery tflow can be generated with tfixed displacement pumps
and be regulated by rotational speed regulation with frequency converters.

Fig. 2 shows the basic construction of a valve block 5 of a hydraulic switching
mechanism 10 according to the invention for controlling all the functions of an as-
sociated hydraulic working cylinder 6. To control a working cylinder 6, for each
cylinder chamber ZA or ZB, with the cylinder chamber ZA designating the piston
chamber and ZB the piston rod chamber 1n the exemplary embodiment shown, use 1s
made 1n each case of two valve units C1, C2, C3, C4 1n the form of installation valves
installed in mounting bores 7 in the valve block 5, of which two form the tank valve
units C2, C4, which as a tunction of the switching state connect the associated cylinder
chamber ZA or ZB, connected to the valve block via the cylinder connections A and B,
to the tank connection T, and of which two torm the pump valve units C1, C3 which
can connect the cylinder connections A, B to the pump connection P 1n the valve block
. To control a cylinder 6, according to the exemplary embodiment according to the
invention exactly four valve units C1-C4 are required which all comprise cone-seat
valves of cartridge construction and each have a valve cone 28 which 1n the closed
state 1s pressed 1n a sealing and closing manner by a valve spring 29 against a valve
seat on a valve sleeve 27. With the four valve units, 1t 1s possible by means of a pre-
control or pilot valve system of suitable construction ot a pre-control circuit, which
system 1s designated in a overlapping manner in the figures by reference sign 7, to
achieve all the desired valve functions for cylinder control, wherein all the pre-control
valves are integrated in a valve block cover 26 which can be releasably connected to
the valve block 5 tor the working cylinder 6. In the case of a hydraulic switching
mechanism 10 for a hydraulic excavator, account has to be taken of the particular rela-
tionships of the cylinder controls for the functions of, tor example, boom, dipper,
bucket and tlap actuation ot a shovel excavator. It is intended for the working cylinder
for the boom and dipper during the return stroke to be lowered through selt-weight

without pump intflow 1n bypass mode (tloating), wherein, according to the solution
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according to the invention, the use of the additional throttling bypass valves and pre-
stressing non-return valves required for this purpose in the prior art is dispensed with.

Via the two pump valve units C1, C3, the cylinder chambers ZA and ZB can be re-
spectively connected to the pump unit 16 or to the pump connection P via the as-
sociated cylinder connections A, B in the valve block 5. Via the two tank valve units
C2, C4, the cylinder chambers ZA and ZB can be respectively connected to the tank
via the tank connection T. As has been shown specifically for the tank valve units C2,
C4 in Figs. 4 to 7, these units are controlled and positioned 1n a pressure-dependent
manner via the control connection 30 1n the valve block cover 26 and the pilot valves
integrated therein, as will be explained later. The switching position of the valve cone
28 1s dependent on the control pressure exerted on the control surtace 31 1n relation to
the pressure forces which are active on the working or seat surfaces 33 in the main
flow working connections or cylinder connections A, B. When control pressure 1s
relieved, the valve cone 28 opens and throughtlow can take place in both directions,
and when control pressure 1s applied, the valve cone 28 closes and blocks the
throughtlow 1n a leakage oil-free manner.

The cylinder 6 1s extended during operation with a signal preset at the hand lever
(Joystick) 15 by proportional delivery tlow setting at the pump unit 16 for setting the
speed and simultaneous actuation of the directional control valve tunction by opening
of pump valve units C1 and tank valve units C4 during activation by the electrical pilot
controller 17 ot the pilot directional control valves arranged in the valve block cover or
covers 26, with the result that the control surfaces 31 in the control o1l chamber 32 are
pressurelessly relieved and the valve cones 28 open while being pressurized by the
main flow connections. The working cylinder 6 1s retracted with pump intflow by ac-
tivating and opening pump valve unit C3 and tank valve unit C2.

For the tloating function tor lowering the working cylinder 6 through selt-weight
without pump intflow, the two pump valve units C1, C3 are opened tor bypass-
connection of the cylinder connections ZA with ZB. By opening the tank valve unit C4
equipped with an additional proportional throttling function tor controlling the
lowering speed, the excessively displaced residual o1l quantity tlows to the tank.

All of the directional control valve functions required tor the cylinder control are
carried out by the four cone-seat valve units C1, C2, C3 and C4 arranged 1n the mobile
valve block 5. Each of these cartridge valves can be optimally adapted to the required
throughtlow arrangements by selecting the valve nominal size, tor which reason a
parallel connection of valves to achieve the throughtlow capacity, as previously
employed in the prior art, 1s dispensed with.

The valve block covers 26 contain all the pilot valves required to control the re-

spective valve unit C1, C2, C3 and C4 1n order to relieve the mobile valve block 5 of
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control bores. Fig. 3 shows the hydraulic circuit of the control valves PVCI1, PV(C2,
PV1, PV2, PCB, PR arranged in the mobile valve block 5 according to Fig. 2 and in
the valve block covers 26, 1n addition to control lines or return lines XA, XB, Z1, 72,
non-return valves RZA, RZB and nozzles NC, NLP, NX1, NX2, in order, via the
hydraulic circuit implemented with the hydraulic switching mechanism 10, to provide
a cylinder control with all the valve tunctions including lowering braking valve with
integrated throttling function in the tank valve units C2, C4 tor both directions ot
movement of the cylinder 6, 1.e. pressurization of the cylinder chamber ZA on the
cylinder piston side and ot the cylinder chamber ZB on the cylinder rod side.

In addition to the directional control valve tunction for starting, stopping and
direction influencing, the tank valve units C2, C4 contain the following valve functions
via the construction of the pilot control system 7:

- blocking function 1n neutral position

- maximum pressure sateguarding ot the cylinder piston side or the cylinder rod side

- counterpressure function with adaptation of the counterpressure to the cylinder load
force, that 1s to say lowering braking valve tunction with activatable, relievable coun-
terpressure function tor both directions of movement of the working cylinder 6

- electrohydraulic or proportional throttle valve tunction with multiple benetits tor
the cylinder outtlow control to the tank during the braking ot negative cylinder load
forces and of moved masses independently ot the delivery tlow control ot the pumps
16 on the one hand and for controlling the lowering operation for the cylinder return
stroke through cylinder load torce (weight torce) without pump intlow (tloating) on the
other hand. For versatile utilization and adaptation, the proportional throttle valve
function 1s 1n practice integrated into both tank valve units C2, C4.

The construction of the tank valve units and of the pilot valve system for 1m-
plementing the atorementioned valve function will now be explained with reference to
the further figures. The combining of a plurality ot valve tunctions 1s achieved by
means of a pre-control circuit 7 for the tank valve units C2, C4 which 1s composed ot a
plurality of pilot valves and which 1s integrated substantially completely into the valve
block cover 26. The fundamental overall construction of the tank valve units C2, C4
can be seen from Fig. 4. The individual functions are explained for the tank valve unit
C2 for the return stroke of the working cylinder under different load conditions. The
function of the tank valve unit C4 during the extension ot the operating cylinder 1s cor-
responding.

In the basic position according to Fig. 4, with the pilot directional control valves
PV 1, PV2 not actuated, the valve cone 28 having a surface ratio ot control surface
31/seat surtace 33 = 1:1 1s held 1n the closed position by the pressure fed via

connection XA back to the control surtace 31, supported by the closing torce ot the
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valve spring 29. The tank valve unit C2 (or C4) 1s 1n 1ts basic output function a pre-
controlled pressure-limiting valve with additional pressure relief upon actuation ot
magnet 53 of the pilot directional control valve PV2. In the rest position, with the pilot
directional control valves PV1 and PV2 not actuated, the valve C2 (or C4) operates as
a pre-controlled pressure-limiting valve which limits the maximum pressure in the
cylinder connection A (or B in the case of C4) or cylinder chamber ZA (or ZB 1n the
case of C4) to that at the pressure-limiting pilot valve PR (pressure relief). The
pressure from the cylinder chamber ZA (or ZB) passes via cover connection X and via
the nozzle NX to the pressure-limiting pilot valve PR and trom there turther via the
nozzle NC to the control surface 31 or into the control o1l chamber 32. When the
control pressure set at pressure valve PR 1s exceeded, it remains constant and, with a
further pressure rise in ZA, the valve cone 28 opens with a pressure which 1s higher by
the closing force of the valve spring 29 (of in this case for example 4 bar) and limits it
to this value. The nozzle ZX limits the pilot o1l flow at the pilot pressure valve PR and
the nozzle NC to the control o1l chamber 32 of the valve cone 28 serves tor damping
and avoids pressure oscillations at the valve.

In order with the tank valve units C2 and C4 to ensure a maximum pressure sate-
guarding, a lowering braking valve tunction and a superimposed electrohydraulically
actuated throttle valve tunction, the tank valve units, as shown in Fig. 4, are provided
with a plunger 34 which is supported on the valve cone 28 and which, via a collar and
the spring retainer 35, transmits to the valve cone 28 the high spring force, additionally
acting in the closing direction, ot a disc spring stack 36 formed by series-connected
disc springs. This measure increases the opening pressure of the valve cone 28 of
previously 4 bar through the valve spring 29 to about 60-100 bar when the control
surtace 31 1s relieved of pressure. Up to this opening pressure, the valve cone 28
operates as a directly controlled pressure-limiting valve with high stability and low 0s-
cillation tendency. With a predetermined maximum pressure for securing the cylinder
6, the pressure-limiting pilot valve PR must be set lower by this opening pressure of
the disc spring stack 36. To achieve a directly controlled lowering braking function
with the valve cone 28 and disc spring stack 36, as 1s shown 1n construction terms
according to Fig. 4 and 1n detailed form 1n Fig. 5, a lifting piston 33, fitted into a lifting
piston sleeve 37, 1s arranged 1n the valve block cover 26, directly above the cartridge
valve unit or the valve cone 28. The lifting piston 38 1s displaceably guided on the
plunger 34 and sealed via Glyd Ring seals in relation to the adjacent hydraulic pressure
chambers constituted by the control o1l chamber 32 and disc spring installation
chamber 43. When pressure 1s applied to the control surtace 41 of the lifting piston 38,
this piston acts with its pressure force against the spring retainer 35 and compensates

for the closing torce ot the disc spring stack 36 which acts on the valve cone 28, or
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rather raises the disc springs as far as the lifting piston stop 42 to such an extent that
the force acting on the valve cone 28 1s eliminated.

A description will now be given ftirst, with additional reterence to Figs. 6 and 7, of
the directly controlled lowering braking function for the return stroke ot the cylinder
and pump intlow 1n the cylinder chamber ZB on the rod side of the cylinder 6. The
return stroke under negative cylinder load 1s activated by actuating a pilot valve PV2
via a magnet S2. The cylinder 6 1s prevented from leading as a result of the counter-
pressure of the disc spring forces acting on the valve cone 28, and a correspondingly
high drive pressure 1s consequently built up in the cylinder chamber ZB and 1n the
connection B in the valve block 5. When the pressure pZB from the cylinder chamber
ZB 1s applied via the control connection Z2 to the lifting piston 38 via lateral bores in
the lifting piston sleeve 37 and bores in the valve block cover 26, the counterpressure
generated by the disc springs 1s partially compensated tor and the drive pressure in the
cylinder chamber ZB, hence on the rod side of the cylinder 6, 1s substantially reduced.
There results the function of a directly controlled lowering braking valve with ac-
tivatable counterpressure function. The seat surface 33 of the valve cone 28 here forms
the opening pressure surtace, the lifting piston control surtace 41 according to Fig. 4
forms the pressure activation surface, and the disc spring stack 36 torms the closing
spring of a directly controlled lowering braking valve. However, the lifting piston
movement of the lifting piston 38 1s mechanically independent of the valve cone 28.
Thus, with the lifting piston 38 activated through high pressure pZB on the cylinder
rod side in the cylinder chamber ZB with relieving ot the pilot directional control
valves PV?2 to brake the cylinder 6, the valve cone 28 can switch into the blocking
position independently of the lifting piston movement and stop the cylinder movement
against lowering with simultaneous maximum pressure sateguarding. To achieve stable
regulating functions, the nozzle NLP arranged between the control connection Z2 and
litting piston 38 1s embodied for damping with a small diameter, thereby also resulting
in correspondingly longer closing times for the lifting piston 38. By virtue of the
uncoupled movement and control ot the valve cone 28, rapid stopping in emergency
situations 1s nevertheless achieved.

This directly controlled lowering braking tunction with the valve cone and disc
spring stack can, given the overall size ot the spring, only be meaningtully carried out
up to maximum blocking pressures of about 60-100 bar. Theretore, this directly
controlled lowering braking function is extended and supplemented tor higher load-
holding pressures up to 350 bar in that an additional lowering braking function with a
pilot lowering braking valve ot smaller overall size 1s integrated into the hydraulic pre-
control circuit 7. The simplified scheme ot this cartridge embodiment composed of

directly and additionally pre-controlled lowering braking tunction 1s represented in
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Fig. 6 in an open mode of operation, with all the elements which are not involved
being omitted. Upon activation of pilot valve PV2 via magnet S2 according to Fig. 4 or
Fig. 6, this directly controlled lowering braking valve PCB (Pilot Counter Balance)
with activatable counterpressure function as pre-control valve 1s switched on to control
the pressure of the valve cone 28. By means ot the pre-control lowering braking valve
PCB, the tank valve unit C2 (or C4) now operates 1n its basic function as a hy-
draulically pre-controlled lowering braking valve. The pre-control valve PCB 1s set to
the maximum load-holding pressure of the respective application with an additional
satety of 20-30% 1n order to block this cylinder load securely against undesired
lowering.

The driving pump pressure in the cylinder chamber ZB on the cylinder rod side that
1s required tor retracting the cylinder despite negative torce action in the retraction
direction 1s applied, through the pressure return via the connection Z2, nozzle NZ2 and
activation connection 23 which are arranged or formed 1n the valve block cover 26, to
the additional pressure activation surtace 21 of the pilot lowering braking valve PCB.
This valve opens at considerably lower pressures than the set maximum load-holding
pressure and generates, in the control o1l chamber 32 of the valve cone 28, a lower
control pressure which, together with the directly controlled lowering braking function
with the valve cone 28 and disc spring stack 36, brings about a resulting braking coun-
terpressure pZA 1in the cylinder chamber ZA on the cylinder piston side. Even with a
changing negative load force F, this braking counterpressure pZA 1s precisely still high
enough for a low drive pressure pZB to be established in the cylinder chamber ZB on
the rod side of the cylinder 6. The directly controlled lowering braking function with
valve cone 28, plunger 34, lifting piston 38 and disc spring stack 36 1s always active
when there 1s a low drive pressure pZB in the cylinder chamber ZB on the rod side.
The pre-controlled lowering braking tunction 1s only activated when there is a high
drive pressure pZB 1n the cylinder chamber ZB on the rod side in order, with a simul-
taneously negative load force, to generate the required counterpressure in the cylinder
chamber ZA tor controlled lowering via the control pressure tor the valve cone 28. The
lifting piston 28 has then completely relieved the disc spring stack 36, as shown in Fig.
7, and the directly controlled lowering braking function 1s 1nactive.

With a load change and a positive load torce F against the direction of movement, as
shown 1n Fig. 7, as a result of the required high driving pump pressure pZB in the
cylinder chamber ZB on the cylinder rod side, the disc spring stack 36 1s now raised by
the lifting piston 38 as far as the lifting piston stop 42 and no longer acts on the valve
cone 23. At the same time, the pilot lowering braking valve PCB 1s completely
activated and the control pressure pC 1n the control o1l chamber 32 of the valve cone

28 1s completely removed to the tank or tank connection T. The valve cone 28 opens
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against the valve spring 29 like a non-return valve, with the result that no braking
counterpressure on the piston side prevents the retraction movement. During a sudden
stop 1n an emergency situation, the valve cone 28 can be displaced into the closed
position independently of the litting piston/disc spring stack assembly by relieving
pilot directional control valve PV2. The influence ot the pre-controlled lowering
braking valve function can be varied by the use of interchangeable pilot lowering
braking valves PCB having different transmission ratios by means of stepped pressure
activation surtaces and can thus be adapted to the ditterent conditions of the overall
control. A further adaptation of the etfect of this pre-controlled lowering braking valve
function 1s possible via the size of the nozzle NCB connected upstream of the pilot
lowering braking valves PCB. The directly controlled lowering braking function with
the valve cone 28 and disc spring stack 36 and lifting piston 38 for counterpressure
control leads to a significantly improved stability behaviour by comparison with a
version 1n which only a pilot lowering braking valve PCB 1s used to precontrol a
cartridge valve as lowering braking valve. The lifting piston 38 fitted according to Fig.
5 into the lifting piston sleeve 37, together with the two O-ring seals 39, 40 for the
plunger 34 and for the lifting piston 3% and also the O-ring/supporting ring seals for the
lifting piston sleeve 37, result in a functional interchangeable insert. It 1s thus possible,
after removing the valve block cover 26, for use to be made of lifting piston inserts
having different hydraulic lifting piston control surfaces 41 so as to alter the
transmission ratio for the direct lowering braking function for optimum adaptation in
the case of ditferent load force conditions 1n order to reduce the drive pressure.

The litting piston tunction also serves tor compensating for or cancelling the disc
spring closing force for the electrohydraulic proportional throttle valve tunction. The
additional proportional throttling function at the tank valve units C2, C4 from the
cylinder 6 to the tank return T allows a control of the lowering movement through self-
weight without pump intlow for the cylinder retraction (tfloating), a limiting of the
maximum cylinder speed with a delayed response ot the lowering braking valve
function and/or in extreme cylinder load conditions and torms the precondition for a
proportionally controlled outtlow throttling function during load cycles with stability
problems occurring during the lowering braking function.

The lowering movement of the cylinders should in the normal case occur through the
weight force acting on the cylinder as a negative load force in the direction ot
movement. By activating the pilot directional control valves PVC1 and PV(C3, the two
pump valve units C1 and C3 are opened, as shown in Fig. 8 and Fig. 9, with the result
that the cylinder chambers ZA and ZB, hence the piston side and rod side of the
cylinder 6, are hydraulically connected. It at the same time the tank valve unit C4 1s

opened 1n a throttled manner, a portion of the throughtlow displaced by the piston
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surtace tlows, corresponding to the surtace ratio of the cylinder 6, via the now series-
arranged pump valve unit C1 and C3 to replenish the o1l volume sucked away from the
cylinder chamber ZB. The remaining residual flow QT displaced as surplus flows 1n a
throttled manner via C4 to the tank or tank connection T, wherein the set throttling
opening cross section of C4 determines the lowering speed of the cylinder 6. A return
flow to the pump 16 is prevented by a non-return valve 14 in the pump inlet. Since the
weight force after the short-circuit connection of the cylinder chambers ZA, Z.B acts
directly on the piston rod surtace, by virtue of the resulting higher pressure through the
pressurization of the lifting piston 38 via the control line XA, this piston will raise the
disc spring stack 36 and completely cancel or at least to a large degree compensate for
the closing force on the valve cone 28.

Fig. 9 shows the mobile valve block 5 in the function for lowering in bypass control
mode (tloating) with an opened pump valve unit C1, C3 tor the bypass and with the
tank valve unit C4 in the function as throttle valve. The proportionally controlled
throttle valve function tor producing the bypass control 1s only carried out through cor-
respondingly adapted signal activation with the cartridge valve units C1, C3 and C4
which are present.

Fig. 10 shows the mobile valve block 5 with moditied electrical signal activation for
a proportionally controlled outtlow throttling function or limiting of the maximum
cylinder speed during extension under positive torce loading F. By activating the pilot
directional control valve PVCI, the pump valve unit C1 is opened. As a result of the
high drive pressure in the cylinder chamber ZA, the pressure returned via the control
line XA again raises the lifting piston 38 and the disc spring stack 36. By switching the
pilot valve PV 1 via magnet S1 and by switching the pilot valve PV2 via magnet S3,
the throttling function 1s switched on at tank valve unit C4 according to Fig. 8 or Fig.
10. This results 1n a mobile control with regulation of the cylinder speed with a throttle
valve function.

The opening stroke of the valve cone 28 which is proportional to a predetermined
electrical signal can be produced using various electrohydraulic positioning systems.
For use 1n mobile hydraulic excavators which have to operate under harsh envi-
ronmental influences, simple robust systems without electronics installed on the valve
are preferred for internal return lines, and two advantageous positioning systems will
now be described with reterence to Figs 11 and 12 for an actuating piston system and
to Fig. 13 for a system with a linear motor.

In the valve block cover 26 according to Fig. 11, a particular proportional hydraulic
actuating piston system which is tailored to the existing conditions and having internal
position regulation through torce balancing is installed above the disc spring 1n-

stallation chamber 43. After actuating pilot directional control valve PV2 via magnet
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S3 according to Fig. 8 or Fig. 11, the control o1l chamber 32 of the valve cone 28 1s
pressure-relieved. Consequently, all the pressure-regulating functions in the pre-control
circuit are deactivated. At the same time, after actuating pilot directional control valve
PV1 via magnet S1 the previously pressureless actuating piston system 1s pressurized
through a separate control o1l pressure supply PP or through pressure tapping of the
highest pressure from the cylinder chambers via non-return valves (not shown). This
switching state 1n the hydraulic pre-control circuit 1s represented 1n Fig. 8 and Fig. 11,
with all the valve components not involved being omitted tor better clarity. Fig. 12
separately shows the construction of the actuating piston system. The valve cone 28
pressurized on 1ts valve seat 33 1s clamped 1n in a force-locking manner, via the
plunger 34, against the actuating piston 47 which 1s likewise pressurized via the
actuating piston pressure surface 53 in the closing direction. Since the actuating piston
pressure surtace 53 1s larger, 1n particular by about a factor of 1.2 - 2, than the seat
surtace 33 of the valve cone 28, the piston assembly formed by the actuating piston 47,
plunger 34 and valve cone 28 1s pressed like a diftferential piston in the closing position
against the cartridge sleeve seat. With corresponding regulation of the pressure on the
actuating piston pressure surtace 53 via a control valve piston 48, this piston assembly
can be displaced in the opening and closing direction. Upon activation ot an associated
proportional magnet 44, a magnetic actuating force 1s produced 1n the extension
direction of the magnet that 1s proportional to the electric magnet-activating current.
The magnetic actuating force actuates the control valve piston 48 against the return
spring 49 1n the opening direction to the tank connection. As a result of the pressure
reduction which occurs on the actuating piston pressure surface 53, the opening
pressure force on the seat surface 33 ot the valve cone 28 predominates and the piston
assembly constituted by the valve cone and actuating piston 1s displaced in the opening
direction until the return spring 49 achieves the predetermined proportional magnetic
force in force comparison terms. By resetting the control valve piston 48, the actuating
piston 47 1s positioned in this attained opening stroke position. In the case of this
stroke regulation with spring return and force balancing in the closed regulating circuit,
the opening stroke which 1s established at the valve cone 28 1s thus proportional to the
magnetic force and the electric current input signal. On reduction of the activating
signal, the return spring torce of the return spring 49 predominates, and therefore the
control valve piston 48 opens the pressure connection and the piston assembly con-
stituted by the valve cone and actuating piston 1s displaced as a result of pressure
build-up 1n the closing direction as far as the set point position predetermined by the
magnetic force.

Alternatively, the electric actuating signal tor the proportional throttling tunction can

be converted 1nto a linear actuating travel by an electric stepping motor or servo motor
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via a threaded spindle, and a mechanical-hydraulic following piston system can hereby
be activated tor force ampliftication. The construction of this following piston system
can be seen from Fig. 13. A particular servohydraulic tollowing piston system which 1s
tailored to the existing conditions 1s installed 1n the valve block cover 26 above the
disc spring installation chamber 43. After actuating pilot directional control valve PV2
via magnet S3 according to Fig. 13, the control o1l chamber 32 of the valve cone 28 is
pressure-relieved and hence all the pressure regulating tfunctions in the pre-control
circuit are deactivated. At the same time, after actuating pilot directional control valve
PV1 via magnet S1, the previously pressureless tollowing piston system is pressurized
by a separate control o1l pressure supply PP or by pressure tapping of the highest
pressure from the cylinder connections via non-return valves (not shown). This
switching state in the hydraulic pre-control circuit is represented 1in Fig. 13, with all the
valve components which are not involved being omitted for better clarity. The valve
cone which 1s pressurized on its seat surface 33 is clamped 1n 1n a torce-locking
manner via the plunger 34 against the following piston 63 which 1s likewise
pressurized in the closing direction via the tollowing piston pressure surface 66. Since
the following piston pressure surtace 66 1s again larger, for example by about a factor
of 1.2 - 2, than the seat surtace 33 of the valve cone 28, the piston assembly formed by
following piston 63, plunger 34 and valve cone 28 1s pressed like a ditterential piston
in the closing position against the cartridge sleeve seat. With corresponding regulation
of the pressure on the following piston pressure surtace 66 via a control piston 62, this
piston assembly can be displaced in the opening and closing direction. The control
piston 62, as a three-way valve with two control edges 67, 1s fitted centrally in the
following piston 63. From a turned groove in the following piston sleeve 64, the
pressure o1l tlows via transverse bores into an annular channel 68 which 1s turned on
the outer contour of the following piston 63, and theretore the pressure o1l connection
1s established during the displacement of the tollowing piston 63. From here, the
pressure o1l flows via lateral transverse bores in the following piston 63 into the turned
groove 69 ot the control piston 62. By displacing the control piston 62 and opening
one of the two piston control edges 67 with respect to the control edge bore 70 of the
following piston 63, the tollowing piston control chamber 72 can be alternately
connected to the pump connection P or the tank connection T. When displacing the
control piston 62 1n the opening direction, the tollowing piston control chamber 72 1s
first relieved pressurelessly towards the tank. The valve cone 28 pressurized constantly
via 1ts seat surface 33 displaces the piston assembly with following piston 63 in the
opening direction until the pressure control edge at the control piston 62 opens. A cor-
responding counterpressure builds up 1n the tollowing piston control chamber 72 until

a pressure force equilibrium between valve cone 28 and following piston 63 has been
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established. By displacing the control valve with the linear motor 60, 1t 1s possible 1n
this following control system for the valve cone 28 to be positioned proportionally into
the predetermined throttling opening with hydraulic torce amplitication. The control
piston 62 1s led outwardly trom the hydraulic system while being sealed by a Glyd
Ring seal 1n the closure cover 65 and connected there via a coupling 61 to a linear
motor 60, via which the electrical position setting occurs. The positioning of the
throttle valve opening can always take place proportionally to a set point value prede-
termined by the operating personnel via a hand lever. In the case of constantly
repeating working cycles with a constant throttle opening value, this can be fixedly
predetermined at the linear motor and control valve. When the pilot directional control
valve PV1 1s connected and pressure builds up at the following piston 63, this piston
runs automatically into the position predetermined by the control piston 62.

The foregoing description will reveal to a person skilled in the art numerous modi-
fications that are intended to come within the scope ot protection ot the appended
claims. The figures merely show advantageous exemplary embodiments without
limiting the scope of protection of the appended claims. In the case of hydraulic ex-
cavators and other hydraulic working machines, a plurality of working cylinders must
usually be operated partly simultaneously and partly successively, which is why a
hydraulic switching mechanism usually comprises a plurality ot valve blocks having

the above construction.
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Claims

1. Hydraulic switching mechanism for the mobile hydraulics of mobile
hydraulic machines, in particular hydraulic excavators, with a valve
block (5), with electrohydraulically activatable valve units arranged in
the valve block (5) tor controlling the movement ot a working cylinder
having two oppositely acting cylinder chambers which are connectable
via a cylinder connection (A, B) to the valve block (5), wherein the
cylinder connections are selectively connectable to a pump connection
(P) tor hydraulic fluid, to a tank connection (T) or to one another, and
with pre-control valves for the electrohydraulic activation of the valve
units, wherein a directional control valve function for the direction of
the movement, and a lowering braking function tor the sequence ot the
movement, of the associated working cylinder 1s controllable by means
of the hydraulic switching mechanism (10), characterized in that four
cone-seat valve units (C1, C2, C3, C4) each having a spring-loaded
valve cone are provided in the valve block (5) for the working cylinder,
of which the first forms a pump valve unit (C1) between the first
cylinder chamber connection (A) and the pump connection (P), the
second torms a tank valve unit (C2) between the first cylinder chamber
connection (A) and the tank connection (T), the third forms a pump
valve unit (C3) between the second cylinder chamber connection (B)
and the pump connection (P), and the fourth forms a tank valve unit
(C4) between the second cylinder chamber connection (B) and the tank
connection (T), wherein a pressure-limiting function and the lowering
braking tunction are realizable tor both directions of movement in a
pressure-dependent manner as a function ot the pressure in the cylinder
chamber connections (A, B) by means of the tank valve units (C2, C4)
via an associated pre-control valve system (7) comprising a plurality ot
pre-control valves.

2. Hydraulic switching mechanism according to Claim 1, char-
acterized in that the valve cones (28) of the tank valve units (C2; C4)
have a seat surtace (33) which 1s directly pressurized with the pressure
(pZ.A) 1n the associated cylinder connection (A; B), and a control
surtace (31) which 1s indirectly pressurized with the same pressure
through the interposition of a pressure-limiting valve (PR) in the pre-
control valve system (7).

3. Hydraulic switching mechanism according to Claim 2, char-
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acterized in that a nozzle (NX, NX1, NX2) is arranged 1n a control
line (X, XA, XB) between the cylinder connection (A, B) and the
pressure-limiting valve (PR), and/or 1n that a nozzle (NC) 1s arranged 1n
a control line between the pressure-limiting valve (PR) and a control
chamber (32) for pressurizing the control surtace (31).

4. Hydraulic switching mechanism according to Claim 1, 2 or 3, char-
acterized in that, in addition to a valve spring (29), the valve cone (28)
of the tank valve unit 1s subjected to the spring force of a disc spring
stack (26) 1n the direction of the valve seat.

5. Hydraulic switching mechanism according to Claim 4, char-
acterized in that the valve cone (28) 1s designed as a hollow socket
with a cavity situated opposite the seat surface (33), wherein the valve
spring (29) and a plunger (34) each bear against the valve cone (28) by
one end at the bottom ot the cavity, and the other end of the plunger
(34) 1s subjected to the spring force of the disc spring stack (36).

6. Hydraulic switching mechanism according to Claim 4 or 5, char-
acterized in that a lifting piston sleeve (37) with a lifting piston (38) 1s
arranged between the disc spring stack (36) and the valve cone (28),
wherein that surface of the lifting piston (38) which 1s situated facing
away from the disc spring stack (36) forms a lifting piston control side
(41) and 1s subjectable to or 1s subjected to the hydraulic pressure
(pZ.B) of the respective other cylinder chamber connection (B; A) via a
control line (Z2).

7. Hydraulic switching mechanism according to Claims 5 and 6, char-
acterized in that the lifting piston (38) 1s guided displaceably on the
plunger (34) and 1s moveable relative to the plunger (34) in the axial
direction.

3. Hydraulic switching mechanism according to one of Claims 4 to 7,
characterized in that there 1s arranged 1n the valve pre-control system a
directly controlled pilot lowering braking valve (PCB) with a valve
cone slide which has an opening pressure surtace (20) which can be
subjected, via a preterably electrically activatable pilot valve (PV?2), to
the pressure of the control line (X) connected to the associated cylinder
chamber connection (A), and which has a pressure activation surtace
(21) which 1s subjected, via a pressure return line (XB), to the pressure
in the other cylinder chamber (ZB) in order to bring about an additional
pressure reliet at the control pressure surtace of the valve cone (238).

9. Hydraulic switching mechanism according to one of Claims 6 to 8,
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characterized in that the lifting piston (38) is installed 1n an inter-
changeable insert which 1s interchangable as a structural unit in a
completely functional manner after disassembly ot a valve block cover
and/or 1s replaceable by lifting pistons having ditferent hydraulic active
surtfaces 1n order to vary the transmission ratio for the direct lowering
braking tunction in order to vary the drive pressure.

10. Hydraulic switching mechanism according to one ot Claims 1 to 9,
characterized in that, for a proportional throttling valve function of
the tank valve unit (C2; C4), the two pump valve units (C1, C3) are
assigned further pilot directional control valves (PVCI1, PVC3) for
opening the pump valve units (C1, C3) and hydraulically connecting
the cylinder chamber connections (A, B) or cylinder chambers (ZA,
ZB) 1n the pre-control valve system, and 1n that the tank valve units
(C4; C2) can be opened with an adjustable throttling opening cross
section, wherein a non-return valve 1s preferably arranged in the pump
connection inlet.

1 1. Hydraulic switching mechanism according to Claim 10, char-
acterized in that the tank valve unit (C2; C4) 1s assigned an actuating
piston system with internal position regulation through force balancing.
12. Hydraulic switching mechanism according to Claim 11, char-
acterized in that the actuating piston system is arranged in a portion
adjoining the installation chamber for the disc spring stack and
comprises a pressurized actuating piston (47) which bears against the
plunger (34) with pre-stressing in the closing direction of the valve
cone (28).

13. Hydraulic switching mechanism according to Claim 12, char-
acterized in that the actuating piston (47) has a pressure surface (53)
which 1s larger, preterably about 1.1 to 2.2 times larger, than the seat
surtace of the valve piston (28).

14. Hydraulic switching mechanism according to Claim 12 or 13, char-
acterized in that the pressurization of the actuating piston (47) 1s ad-
justable by means of a proportional magnet (44), a control piston (48)
and a return spring (49).

15. Hydraulic switching mechanism according to one of Claims 11 to
14, characterized in that the actuating piston system 1s assigned a
control valve (PV1) having alternate pump connection or tank
connection coupling (P, T).

16. Hydraulic switching mechanism according to one of Claims 4 to 10,
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characterized in that, in order to control the throttling opening cross
section, the tank valve units (C2, C4) are each assigned an electrical
stepping motor, in particular a linear motor (60), and a following piston
system comprising a control piston (62) and a following piston (63).

17. Hydraulic switching mechanism according to one ot Claims 1 to 16,
characterized in that the pilot control valves and pilot directional
control valves of the pre-control valve system and/or of the overall pilot
control circuit are arranged 1n a valve housing cover (26) which 1s re-
leasably connected to the valve block.

18. Hydraulic machine, in particular hydraulic excavator, with at least
one hydraulic cylinder as working cylinder for adjusting at least one
arm connected to a working implement such as a bucket, shovel or the
like, with a pump unit for generating a hydraulic o1l flow, with a
hydraulic switching mechanism comprising a valve block as mobile hy-
draulics tor the hydraulic machine, with electrohydraulically ac-
tivatable valve units arranged 1n the valve block tor controlling the
movement of the working cylinders, and with pre-control valves 1n the
hydraulic switching mechanism tfor the electrohydraulic activation ot
the valve units, wherein a directional control valve function for the
direction of the movement, and a lowering braking function tor the
sequence of movement, of the associated working cylinder are con-
trollable by means ot the hydraulic switching mechanism, char-
acterized in that the hydraulic switching mechanism 1s designed
according to one of Claims 1 to 18.

19. Hydraulic machine according to Claim 18, characterized in that
the speed of the working movement of the working cylinder 1s
controlled by regulating the pump delivery tlow of a pump unit (16),
wherein the pump unit comprises variable displacement pumps 1n
which, by electrohydraulically adjusting the pivot angle, the delivery
tflow and hence the speed of the working cylinder i1s controllable, or
wherein the pump unit comprises a fixed displacement pump whose ro-
tational speed 1s regulatable by rotational speed regulation with
frequency converters.

20. Hydraulic machine according to Claim 19, characterized in that
the maximum pump delivery tlow rate which can be generated by the
pump unit 1s greater than 1000 1/min, 1in particular greater than 5000 1/
min.

21. Valve unit, in particular for a hydraulic switching mechanism ftor
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mobile hydraulic machines according to one of Claims 1 to 17, char-
acterized in that the valve unit (C2, C4) 1s designed as a cone-seat
valve of cartridge construction which can be inserted into a bore in the
valve block (5) and which comprises a valve sleeve, valve cone (28)
and valve spring (29), wherein the valve cone (28) 1s designed as a
hollow socket with a cavity situated opposite to a seat surface (33) as a
bearing surtace for the valve spring (29) and for a plunger (34) which is
subjected to or 1s subjectable to the spring force ot a disc spring stack
(36).

22. Valve unit according to Claim 21, characterized in that the disc
spring stack (36) and the plunger (34) are arranged together with a
lifting piston (38) 1n a lifting piston sleeve (37), wherein the lifting
piston (38) 1s guided displaceably on the plunger (34) and 1s moveable
relative to the plunger (34) in the axial direction, and that side of the
lifting piston (38) which 1s situated facing away from the disc spring
stack (36) torms a lifting piston control side (41).

23. Valve unit according to Claim 22, characterized in that the valve
cone (28) and the lifting piston (38) are assigned an electrohydraulic
positioning system comprising an actuating piston (47) and pro-
portional magnet (44) or comprising a linear motor (60), following

piston (63) and control piston (62).
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