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(57) ABSTRACT 

A charge control apparatus and a method for operating an 
reciprocating internal combustion engine are provided. The 
charge control apparatus includes a rotary disc valve dis 
posed in the intake conduit upstream of the intake valve and 
connected to a motor and a control unit. The rotary disc 
valve is movable by the motor between a position in Which 
the rotary disc valve closes the intake conduit and a position 
in Which it permits ?oW along the intake conduit to the 
intake valve. The control unit controls the movement of the 
rotary disc valve in its closing position in the intake conduit 
such that the closing time point of the rotary disc valve is set 
increasingly ahead of the closing time point of the intake 
valve as a function of decreasing performance demands. 

31 Claims, 9 Drawing Sheets 
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Fig. 6 
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CHARGE CONTROL DEVICE FOR AND 
METHOD FOR CONTROLLING THE 

FUNCTIONING OF A RECIPROCATING 
INTERNAL COMBUSTION ENGINE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

Applicant claimsforeign priority ofDE 198 30 575.3?led 
Jul 8, 1998 and PCT/EP99/O4660?led Jul. 5, 1999. 

BACKGROUND OF THE INVENTION 

The invention relates to a charge control apparatus for 
controlling the operation of a reciprocating internal com 
bustion engine, especially a gasoline engine. The invention 
also relates to a method for controlling the operation of a 
reciprocating internal combustion engine, especially a gaso 
line engine. 
One of the reasons that reciprocating internal combustion 

engines, especially reciprocating internal combustion 
engines controlled via a throttle valve and operated as a four 
cycle engine, have an increasingly higher speci?c fuel usage 
in correspondence with decreasing loadingithat is, fuel 
usage per given work unitiis attributable to the throttle 
loss. An increasing underpressure or vacuum is formed 
downstream of the throttle valve in the volume of the suction 
intake between the throttle valve and the intake valve in 
correspondence with an increasingly more frequently closed 
throttle valve and this increasing vacuum reduces during the 
period during which the intake valve is closed. The energy 
stored in this volume which is impacted by the vacuum is 
consequently lost for use otherwise as work energy. The 
vacuum created by the downward movement of the piston 
during the intake stroke causes a dissipative loading change 
side in the P-V (pressure-volume) diagram 

SUMMARY OF THE INVENTION 

The invention provides a solution to the challenge of 
providing a charge control apparatus for a reciprocating 
internal combustion engine, especially a gasoline engine, 
which is operable to effect an especially fuel saving opera 
tion of the reciprocating internal combustion engine. The 
invention further provides a solution to the challenge of 
providing a method for controlling the operation of a recip 
rocating internal combustion engine, especially a gasoline 
engine, such that an especially fuel saving and environmen 
tally bene?cial operation of the reciprocating internal com 
bustion engine is possible. 

With the help of the valve provided in accordance with the 
invention which is disposed in the intake channel and which 
is actuated by a dedicated electric motor, a charge control of 
an internal combustion engine in a throttle valve free manner 
is possible such that substantially all thermodynamically 
favorable charging controls can be achieved through the 
possible variations of the control of the [rotary disc] valve. 

In accordance with another feature of the present 
invention, the efficiency of the combustion engine, particu 
larly with respect to partial loading, is improved or, 
respectively, the associated fuel usage is reduced [by the 
features of claim 2]. 

[Claims 7*9 de?ne a further embodiment of a valve.] 
In accordance with another feature of the present 

invention, the invention can be advantageously used for 
motors with two intake valves. 
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2 
In accordance with one aspect of the present invention, 

there is provided a method for controlling the operation of 
a reciprocating internal combustion engine. Through the 
special control of the [rotary disc] valve disposed in the 
intake channel, [it is achieved that the vacuum produced] a 
reduced pressure can be generated between the [rotary disc] 
intake channel valve and the intake valve in the [intake 
channel] cylinder, which reduced pressure creates a pressure 
wave which reduces the intake effort of the piston and thus 
contributes to [a particularly favorable fuel economiZing 
operation] reducing fuel consumption. 

In accordance with another aspect of the present 
invention, there is provided a method for controlling the 
operation of a reciprocating internal combustion engine 
which can be implemented as well with the features of 
motors for controlling the operation of two intake valves per 
cylinder. With the help of the targeted modulation of the 
fresh air or fresh combustion gas loading which ?ows 
through the intake openings, it is possible to create, in a 
weak load situation, a prescribed turbulence in the charge 
introduced into the cylinder or the combustion space of the 
type which is a prerequisite for a fuel lean and thermody 
namically favorable complete combustion. 
The invention is suitable for all types of valve controlled 

reciprocating internal combustion engines including two 
cycle engines, four cycle engines, Otto motors, diesel 
motors, and so forth. 

FIG. 1 a conceptual view of a cylinder of a reciprocating 
internal combustion engine having a pre-actuated rotary disc 
valve, 

FIG. 2 a schematic view of the operation of the cylinder 
shown in FIG. 1 during various operational phases, 

FIG. 3 an exploded perspective view of a rotary disc 
valve, 

FIG. 4 a side view of a rotary disc valve operable with a 
cylinder having two intake valves, 

FIG. 5 a conceptual view of a rotary disc valve for 
understanding a charging process, 

FIG. 6 a series of work diagrams of various process paths 
of the combustion process, 

FIG. 7 a side view of an embodiment of a rotary disc valve 
with an integrated electric motor; 

FIG. 8 a schematic view of the register charging device 
and 

FIG. 9 a sectional view of an embodiment of a rotary disc 
valve. 

BRIEF DESCRIPTION OF THE DRAWING 

As seen in FIG. 1, an internal combustion engine and, 
especially, a gasoline powered, relatively slow (low revolu 
tions per minute) commercial vehicle engine, includes a 
cylinder 4 in which a piston 6 is movable, the cylinder being 
coupled via a piston rod 8 to a crankshaft 10 for driving 
rotation thereof. The designated “UT” and “OT” designate, 
respectively, the lowermost travel position of the piston 8 
and the uppermost travel position of the piston 
A fresh combustion charge into the combustion space or 

chamber 12 of the cylinder is introduced through a suction 
conduit 14, whereby an intake valve 18 opens and closes the 
intake opening 16 at which the suction conduit 14 is com 
municated with the cylinder 4. An outlet valve 24 opens and 
closes an outlet opening 20 with respect to an outlet conduit 
22 communicated therewith. 
The ignition of the charge introduced into the combustion 

space 12 is effected by a spark plug 26. The intake valve 18 
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and the outlet valve 24 are controlled in a conventional 
manner by one or more crankshaf‘ts, each of Whose rotation 
is in lockstep one-to-one manner With the crankshaft 10 or 
rotated at a rotation other than a one-to -one rotation With the 
crankshaft. 
A conventional device for supplying the combustion fuel 

(gas) to the fresh air such that a combustible fresh charge 
With a predetermined air to fuel mixtures is available in the 
suction conduit 14 is not illustrated. 

As is conventional, a microprocessor and an associated 
control unit 26 having storage capability are provided to 
control the operation of the internal combustion engine. 

The con?guration of the internal combustion engine 
described thus far is conventional and is not described in 
further detail. 
A rotary disc valve 28 is disposed upstream of the intake 

opening 16 at the shortest possible spacing therefrom, the 
rotary disc valve being con?gured as a rotation shaft 30 
having tWo openings disposed oppositely one another and 
the rotary disc valve being operable to selectively commu 
nicate the branches of the suction conduit 14 separated from 
one another by the rotary disc valve or to selectively block 
communication betWeen the tWo branches. An electric motor 
32, Which can be, for example, a step motor, is controlled by 
the control unit 26 to drivingly rotate the rotatable shaft 30. 
The control unit 26 includes several input jacks comprising 
thereamong an input jack for connection of the control unit 
With a drive pedal 34. Other input jacks can be connected 
With a shaft rotation sensor for sensing the rate of rotation or 
the rotation position of the crankshaft 10, or connected With 
a temperature sensor, and so fourth. 

The internal combustion engine is preferably provided 
With a conventional combustion charging device such as, for 
example, an exhaust gas turbo charger or a mechanically 
drive charging device, such that a vacuum is present in the 
suction conduit 14 upstream of the rotary disc valve 28. 

FIG. 2 shoWs various operational phases or steps of the 
herein described internal combustion engine. The intake 
valve 18 and the outlet valve 24 are controlled such that, for 
example, the intake valve opens 27.5° before OT and closes 
38.5° af‘ter UT and such that the outer valve opens 57° before 
UT and closes 25° af‘ter OT. 

FIG. 2a shoWs the operational condition of the intake 
suction during Which the piston 6 has moved doWnWards 
until approximately 45° before UT While the intake valve 18 
has been open and the rotary disc valve 28 has been in an 
open (branch communicating) disposition. During subse 
quent doWnWard movement of the piston as seen in FIG. 2, 
the rotary disc valve 28 closes (i.e., is in a blocking 
disposition betWeen the branches of the suction conduit 14), 
Whereby a vacuum is produced in the space doWnstream of 
the rotary disc valve Which reduces in a loss free manner in 
connection With movement of the piston beyond the loWer 
most dead center position until the intake valve 18 closes at 
38.5° af‘ter UT. 
As seen in FIG. 2c, the intake valve 18 remains closed 

during the subsequent compression stroke of the piston, 
Whereby FIG. 2c shoWs the position at Which the spark plug 
ignition occurs. During the Working stroke of the piston as 
shoWn in FIG. 2d, the intake valve 18 and the outlet valve 
24 are in their closed dispositions and the rotary disc valve 
28 can thereafter be disposed in its open disposition. FIG. 2e 
shoWs the operation condition after a Working stroke during 
Which the outlet valve 24 is open for the beginning of the 
outlet cycle, the intake valve 18 is closed, and the rotary disc 
valve 28 is already in its open disposition. Once the piston 
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4 
has reached the position of 27.5° before OT, the intake valve 
18 opens and the outlet valve 24 closes upon reaching the 
position 25° after OT; Whereby the operational condition 
shoWn in FIG. 2a is again reached shortly thereafter. 

FIG. 3 is a perspective vieW shoWing a parts assembly of 
the rotary disc valve 28 or the rotary disc valves 28 (FIG. 1) 
couplable to a cylinder head (not illustrated), the parts 
assembly being shoWn in, respectively, assembled together 
condition in a) and exploded condition in b). 
A housing 40 includes tWo connecting frames or ?anges 

42 and 44, one of the connecting frames being couplable to 
a cylinder head (not illustrated) of the internal combustion 
engine and the other connecting frame being couplable to 
the condition conduit (not illustrated). The housing 40 
includes tWo through channels 46 and 48 con?gured in 
correspondence With connection openings formed in the 
cylinder head in Which tWo suction channels independent of 
one another terminate, the suction channels leading to tWo 
inlet valves of a cylinder. 

Throughbores 50 and 52 are located in the housing 40 
oriented transversely to the through channels 46 and 48. A 
rotary disc valve as described hereinafter operates in each of 
the throughbores 50 and 52, Whereby only the respective 
rotary disc valve in the throughbore 50 Will be described. 
A socket 54 compatibly con?gured With respect to the 

throughbore 50 is disposed therein and includes tWo open 
ings 56 and 58 disposed opposite one another. The socket 54 
is non-rotatively mounted in the housing 40. The openings 
56 and 58 are aligned With the through channels 46 and have 
cross sections corresponding With those of the through 
channels. 
A shaft rotary disc element 60 is disposed in the socket 54 

and includes a pair of openings disposed oppositely one 
another of Which only the opening 62 is visible. The shaft 
rotary disc element 60 is rotatable mounted Within the socket 
54 and includes a rod 64 on its top closed end Which is 
received by a connection coupling 66 that is disposed in a 
cover piece 68 secured by bolts to the housing 40. 
The shaft rotary disc element is guided and mounted by 

means of roller bearing 70 onto guide peg 69. The guide peg 
69 has the further task of conducting the mixture ?oW or, 
respectively, preventing a ?uttering or How cut off in the 
valve. To this end, the guide peg 69 is secured on the base 
plate 73 and is disposed against rotation by means of the the 
Washer 74 such that, in the disposition (by bolting) of the 
base plate 73 on the valve housing 40, the channel through 
bores 76 of the guide peg 69 are exactly aligned With the 
channel throughbores 46, 48 in the housing 40. The parts 
assembly components 71, 72 and 75 (running discs and 
bolts) act to position the roller bearing 70 relative to the 
guide peg 69. The outer diameter of the ?xedly mounted 
guide peg 69 is only slightly relatively smaller than the inner 
diameter of the rotating shaft rotary disc element 60 in order 
to prevent the formation of a dead space betWeen the guide 
peg outer surface and the inner surface of the shaft rotary 
disc element 60. The free space betWeen the tWo compo 
nents (60 and 69) is thus selected so that an e?‘ective seal 
results therebetWeen While permitting disturbance free rela 
tive rotation therebetWeen. 
The parts assembly components 54, 69, 60, and 62 form 

the rotary disc valve 28 shoWn in FIG. 1. 
As can be seen in FIG. 3, the tWo through channels 46 and 

48 can be controlled independently and separately of one 
another, via the rotary disc valves operating in the through 
bores 50 and 52, by respective dedicated step motors, 
Whereby, for example during reduced demand (small actua 
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tion of the drive pedal 34), an inlet channel of the cylinder 
remains completely closed such that the charge is delivered 
to the cylinder in correspondence With the con?guration of 
the inlet channel as a sWirl ?oW (axis of the sWirl parallel to 
the direction of movement of the piston) or as a tumble ?oW 
(axis perpendicular to the direction of movement of the 
piston). As the demand increases, the tWo rotary disc valves 
are controlled such that the charges delivered through the 
tWo inlet channels are increasingly similar, Whereby the 
sWirl information in the cylinder or the combustion space 
can be accommodated to that of an optimal combustion 
velocity/combustion operation of the motor. In this manner, 
thermodynamic conditions for an effective combustion can 
be achieved in connection With partial charging Without 
incurring a reduction in performance in connection With full 
charging of the cylinder. 

FIG. 4 shoWs a side vieW of the housing 40 in partial 
section. The housing 40, the housing cover piece 68, the rods 
64 of the shaft rotary disc element 60 as Well as the 
connection coupling 66 of the mounted step motor are 
clearly visible. Each connection coupling 66 includes a take 
along disc 80 Which receives the motor shaft 82 in a 
non-rotating connection. The take along disc 80 is connected 
by a torque transmitting, ?exible part 84 With another take 
along disc 86 Which itself is connected to the rods 64 of the 
shaft rotary disc element 60 in a non-rotation or keyed 
manner. In this manner, a ?exible and torsion stilf connec 
tion coupling is formed. 

If the tWo step motors in their above-described con?gu 
rations are to be differently controlled by the control unit 26 
such that, for example, the shaft rotary disc element asso 
ciated With the through channel 48 (FIG. 3) is operated to 
close the through channel 48 earlier than the through chan 
nel 46 is closed, more fresh charge Will ?oW through the 
through channel 46 into the cylinder, thus leading, in asso 
ciation With a correspondingly con?gured intake channel 
and intake valve, to the formation of turbulence in the 
combustion space. The differential control of the step motors 
can be limited to the operational range of the motor Wherein, 
in connection thereWith, exceptional advantages can be 
achieved such as, for example, during Weak demand. This 
control concept naturally comprises the possibility, in any 
event, to completely close an intake channel by means of the 
shaft rotary disc element, Whereby a complete channel shut 
off is realiZed. 
An extensive freedom in the selection of the opening and 

closing time points of the rotary disc valves relative to that 
of the intake valves arranged doWnstream of the rotary disc 
valves can be possible through control of the one or several 
rotary disc valves With the help of the electric motors 32 
(FIG. 1) or, respectively, the step motors 90 (FIG. 4). It is 
possible, for example, through corresponding selection of 
the length of the suction conduit and the opening and closing 
time points of the rotary disc valve predetermined from such 
length selection, to use the vacuum Which forms during the 
Work phase shoWn in FIG. 2b betWeen the rotary disc valve 
28 and intake valve 18, such that a pressure Wave, Which has 
formed during the opening of the rotary disc valve While the 
intake valve Was still closed, reaches the intake valve at a 
time just as this intake valve is opening Whereby the intake 
effort required of the piston is lessened. Moreover, the 
extensive freedom in the selection of the opening and 
closing time points of the rotary disc valves permits speci?c 
in?uences to be taken into account in the selection of these 
opening and closing time points relative to the opening and 
closing time points of the intake valves doWnstream of the 
rotary disc valves, When a Wave, formed by the correspond 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
ing vacuum and re?ected at the open intake conduit end, 
arrives as a pressure Wave at the end of an intake stroke at 

the open intake valve, Whereby an after charging effect is 
achieved Which increases the ?ling of the cylinder and 
reduces the requisite intake effort. 

The above-described interrelationships are schematically 
shoWn in FIG. 5. The rotary disc valve 28 divides the suction 
conduit 14 having an overall length L and an overall volume 
V into tWo partial regions I and H having length and volume 
L1, V1 and L2, V2, respectively. The vacuum contained in the 
partial volume Vl occurring during the closed condition of 
the rotary disc valve and the intake valve produces a Wave, 
if the rotary disc valve is opened, Which is re?ected on the 
open end of the suction conduit 100 and the Wave arrives as 
a pressure Wave at the open intake valve 18 after traversing 
the overall length L. Position 200 characterizes the intake 
valve seat so that the effective conduit length L is de?ned by 
the position 100 and 200. This effect permits itself to be used 
in a Wide range of motor operations as the required timing 
for releasing the Wave formation and the re?ection on the 
open conduit end can be ensured through the variable 
opening and closing time points of the rotary disc valve 4. 

It is to be understood that the variability of the opening 
and closing time points of the one rotary disc valve or 
several rotary disc valves is such that the opening time point 
as Well as the closing time point of the total opening interval 
of the intake valve can be covered. 

For the reason of offering freedom of control, the opening 
phase and, in particular, the closing phase, of the step motor 
controlled rotary disc valve are substantially shorter than is 
the case With force controlled rotary disc valves (Which are 
driven via the camshaft having ?xed force translation 
characteristics). In this manner, the intake cycle of the phase 
or, respectively, the piston stroke, is shortened While the 
rotary disc valve cross section limits the throttle loss. 

The arrangement of the invention can be installed on 
motors of the type Which are charged to thereby provide 
advantages. The advantages of the inventive arrangement 
for charged motors is brought out in that the function of the 
exhaust limit, Which is normally exercised by a Waste gate 
valve (conducting exhaust gas past a turbine Wheel) is taken 
over by prescribed control of the one rotary disc valve or the 
several rotary disc valves. In this manner, in the event of 
reaching and/or exceeding the maximum exhaust pressure, 
the closing time point of the rotary disc valve is set earlier. 
Thus, the cylinder charging and the amount of energy 
dictated thereby Which is sent to the turbo charger is 
reduced. Through this process, the maximum achievable 
compression Work of the compressor of the turbo charger is 
alWays ensured through the maximum release of the exhaust 
gas ?oW. No energy is lost through the Waste gate valve. 
Through a prescribed early setting of the rotary disc valve, 
the desired cylinder charging amount at an optimal pressure 
difference betWeen charging pressure and exhaust gas pres 
sure of the cylinder is introduced. The above-noted optimal 
pressure difference causes, by the Way, a positive Work 
charging transition portion in the PV diagram. This process 
is knoWn by the term Miller cycle. The inventive arrange 
ment is an example of a speci?c realiZation of the Miller 
cycle. 

FIG. 6 shoWs a Work diagram Wherein the vertical axis 
indicates the logarithm of the pressure P in the Work space 
of the cylinder and the horizontal axis indicates the volume 
V of the Work space. OT and UT designate respectively the 
topmost and loWermost dead center points of the piston. 
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FIG. 6a shows the Work diagram of a throttle valve 
controlled four cycle motor. The individual plots indicate: 

1-2: polytropic compression 
2;3: isochoric heat exchange With release of the heat 
amount Q. 

3;4: polytropic expansion (Work performance); 
4;5: isochoric heat exchange (outlet is open); 
5-6-7: isobar compression (outlet stroke); 
7;8: intake opening 
8-1: isobar intake 
The stripped area indicates the lost pump Work; the cross 

hatched area indicates the Work performance. 
FIG. 6b shoWs the Work diagram during performance 

control via variable closing of the intake valve. The differ 
ence betWeen this FIG. and FIG. 6a is that the exhaust stroke 
5-7 and the intake stroke 7-6' occur at the same pressure 
level and the polytropic expansion 6-1' and the polytropic 
compression 1-6' folloW at the same pressure, Whereby the 
pump loss area is Zero. The point 6 or, respectively, the point 
6' (closing of the intake valve) is variable. 

FIG. 6c shoWs the classic Miller cycle in Which, as in 
FIGS. 6a and 6b, a heat amount Q exists at UT after the 
polytropic expansion from 3 to 4. The exhaust stroke 5 to 7 
occurs With a relatively reduced exhaust gas counter pres 
sure. The intake stroke from 8 to 9 occurs at a higher 
pressure produced by the charging system, Whereby Work is 
performed in the inclined stripped area in contrast to the 
process shoWn in FIG. 6a. Point 9 is the point at Which the 
intake valve is closed. 

FIG. 6d shoWs the Work diagram for a Miller cycle by 
Which the closing of the intake valve (Point 9) is variable, 
Whereby the total Work cycle can be further optimiZed. 

FIG. 7 shoWs a side vieW of a rotary disc valve Which has 
been changed relative to the rotary disc valve shoWn in FIG. 
3. Similarly functioning components are designated With the 
same reference numerals as those in FIG. 3. The shaft rotary 
disc element 60 having its opening 62 is rotatably mounted 
in the housing 40 Which includes the connecting ?anges 42 
and 44. The housing 40 is closed at both ends by coverings 
102. Roller bearings 104 are disposed Within the coverings 
102 and are the means by Which the rotor or, respectively, 
the shaft rotary element 60 is rotatably mounted in the 
housing 40. 

In contrast to the embodiment shoWn in FIGS. 3 and 4, the 
electric motor, Which is a step motor, of the embodiment 
shoWn in FIG. 7 is integrated into the rotary disc valve in the 
form of a rotor Winding 106 having alternating north and 
south poles rigidly connected With the rotor or, respectively, 
the shaft rotary disc element 60. Stator Windings 108 of the 
electric motor are ?rmly connected to the housing 40 and the 
disposed in corresponding recesses of the housing 40. 

The described arrangement forms an unusually compact 
rotary disc valve With an integrated step motor. The electri 
cal connections for controlling the stator Windings 108 by 
means of a control unit are not illustrated. 

FIG. 8 shoWs a 6 cylinder motor provided With rotary disc 
valves for controlling the charging of the motor and having 
an additional register exhaust device. 

The motor includes tWo cylinder banks 112 each having 
three cylinders Which are connected via a suction conduit 
114 With a mixture or air distributor 116. 

In each of the suction conduits are disposed electrically 
actuable rotary disc valves 118 associated With the respec 
tive tWo intake valves per cylinder. 

The exhaust gas piping 120 of all of the cylinders are 
collectively communicated With a collector 122 and the 
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8 
exhaust gas conducted therethrough is used for the driving 
of the tWo turbochargers 124 and 126. 
A conduit 130 communicates the exhaust gas collector 

122 With an exhaust gas turbine 131 of the turbo charger 126 
and from there, a further conduit 132 communicates With an 
exhaust gas turbine 133 of a turbo charger 124 from Which 
an exhaust gas conduit 134 leads to a muf?er. An electrically 
actuable divider valve 140 is disposed in the conduit 130 
such that a portion of the exhaust gas ?oW coming from the 
collector 122 is branched into a branch conduit 142 Which is 
communicated With the exhaust gas turbine of the turbo 
charger 124. 
The charging supply of the internal combustion engine 

occurs such that fresh air is draWn in through an air ?lter 
150, the fresh air is mixed in a mixing unit 152 in a 
prescribed relationship, Which can be determined in corre 
spondence With the operational conditions of the internal 
combustion engine, the charge is thereafter compressed in 
the charging turbine 154 of the turbo charger 124, the 
compressed charge is conducted via a conduit 156 through 
a charge air cooler 158 and thereafter to the charging turbine 
160 of the exhaust gas charger 126 and from there conducted 
through a further charger air cooler 162 to subsequently 
reach the air distributor 116. 
An electronic control device 164 is provided to control the 

rotary disc valves 118 and the distribution valves 140 as Well 
as the turbine blade positions in the event that the inlet of the 
exhaust gas turbine 131 and 133 of the turbo charger 124 and 
126 are out?tted With variable turbine geometry. The elec 
tronic control device 164 has inputs for receiving input from 
sensors Which sense the operational parameters of the inter 
nal combustion engine and the position of a gas pedal 116 
and has outputs connected With the denominated electrically 
controllable components. The electrical connections as Well 
as the sensors are not shoWn for the sake of simplicity. 
The parameters for setting the rotary disc valves 118, tile 

distribution valves 140 as Well as the inlet geometries of the 
turbo charger 124 and 126, if preset, as functions of the 
operational parameters of the internal combustion engine, 
are stored in the electronic control device 164 such that the 
opening and closing time points of the rotary disc valves 118 
as Well as those of exhaust gas volume directed to each 
exhaust gas turbine as Well as the turbine geometries, if 
present, are optimally adjusted relative to one another, 
Whereupon the required performance With the best possible 
ef?ciency of the internal combustion engine is produced. 

FIG. 9 shoWs a variation of the embodiment of the valve 
arranged in the suction conduit (FIG. 1). 
As seen in FIG. 9, the suction conduit 14 has a meander 

ing or serpentine separation Wall 270 extending lengthWise 
of the conduit and includes four valve openings 272 each 
extending traverse to the suction conduit length. A valve 
member 274 extends transversely through the valve open 
ings and includes a shaft 276 and a plurality of discs 278 
?xedly disposed on the shaft. The arrangement in such that, 
in the open position of the valves shoWn in FIG. 9, the 
topmost and third topmost discs 278 are doWnstream of their 
respective associated valve openings 272 relative to the 
intake ?oW through the suction conduit and the tWo other 
discs 278 are upstream of their respective associated valve 
openings 272. The diameter of the discs 278 approximately 
corresponds to the diameter of the valve openings 272 such 
that the valve is closed if the shaft 276 together With the 
discs 278 is moved upWardly such that the discs 278 are 
located Within the valve openings 272. The discs 278 are 
preferably formed in alignment With the How. 

The shaft 276 includes a cylindrical addition 280 outside 
of the suction conduit 14 operable to actuate the valves, the 
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cylindrical addition 280 having a Winding 282 encircled by 
a magnet 284 Which is preferably an electromagnet and 
Which is received in a housing 286 ?xedly secured to the 
suction conduit 14. 
The shaft 276 is longitudinally displaceably disposed 

Within the suction conduit 14 in sockets 288. The cylindrical 
addition 280 is con?gured such that the stroke movement of 
the shaft 274 or, respectively, the valve member 274 is 
limited on the one hand by impact against the outside of the 
suction conduit 14 and limited on the other hand by impact 
against the projection of the housing 286. 
A spring 290 biases the valve member 274 in its open 

position. 
The function of the thus described valve is as folloWs: 
The WindoW 272 is connected to the control unit 26 (FIG. 

1). The valve is normally open due to the biasing action of 
the spring 290. In connection With the energiZation of the 
Winding 282 With corresponding electrical energy, the valve 
member is moved as seen in FIG. 9 upWardly into a position 
in Which the discs 278 are disposed Within the valve open 
ings 272 and a through How of ?uid through the valve 
openings is blocked. As can be seen, there occurs in the 
closed position of the valve if, for example, an overpressure 
exists from the left of the valve, that this overpressure acts 
on the topmost and third topmost discs such that the valve 
member is biased doWnWardly, Whereby, in contrast, the 
overpressure is exerted against the bottommost and third 
bottommost discs to bias the valve member upWardly, 
Whereupon the valve member in totality is in force equilib 
rium independent of the pressure difference. 
An advantage Which is realiZed With the depicted valve is 

that it can be moved in an unusually rapid manner from the 
closed position into the open position and vice versa, 
Whereby a precise control is possible With the least possible 
loss of How. 

In a preferred con?guration, the shaft 276 is connected 
With a position sensor 291. This position sensor 291 delivers 
information concerning the exact instantaneous position of 
the shaft 276 or, respectively, the discs 278. The control unit 
26 controls the energiZation through the Winding 282 such 
that the real time position of the valve body (276, 278) 
corresponds at every time point of the movement sequence 
intervals to the prescribed positions programmed into the 
control unit. In this manner, it is ensured that the ?lling 
amount is the same per cylinder in multiple cylinder motors 
per unit control time. 

It is to be understood that the electromagnetic actuation 
can be varied in different Ways Wherein, for example, the 
cylindrical addition 280 is con?gured as a magnetic anchor 
Without its oWn Winding. The illustrated embodiment (voice 
coil) has the advantage of much less magnetic attraction. 
The valve member can be altered together With the separa 
tion Wall such that it opens or closes the valve openings by 
a 90° turn thereof. 

The valve shoWn in FIG. 9 can be used instead of the 
valve of afore-described embodiments so that the functional 
advantages associated With the invention can also be 
achieved With this con?guration. The closing time point of 
the valve is set increasingly ahead of the closing time point 
of the intake valve in dependence upon decreasing perfor 
mance demands. The opening time point is accommodated 
independently of the closing time point to the rate of rotation 
of the motor in order to achieve the afore-described charging 
e?fect connected With reduced intake effort. 

It is advantageous if the opening time point of the valve 
is varied, in connection With the same maintained closing 
time point or, respectively, the same maintained cylinder 
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?lling amount (air effort), so as to achieve as Well the 
charging effect to optimiZe the charge transition in connec 
tion With partial loading. 

The depicted effect can be characterized as a partial load 
resonance charge for minimiZing the charge transition loss. 
The speci?cation incorporates by reference the disclosure 

of German priority document 198 30 575.3 of Jul. 8, 1998 
and European Patent Application priority document PCT/ 
EP99/04660 of Jul. 5, 1999. 
The present invention is, of course, in no Way restricted to 

the speci?c disclosure of the speci?cation and draWings, but 
also encompasses any modi?cations Within the scope of the 
appended claims. 

I claim: 
1. A charge control apparatus for a reciprocating internal 

combustion engine, the reciprocating internal combustion 
engine having at least one cylinder in Which a piston is 
reciprocably moved by crankshaft, the cylinder having at 
least one intake conduit and an intake valve Which opens and 
closes the intake conduit as a function of the rotation of the 
crankshaft and having at least one outlet conduit and an 
outlet valve Which opens and closes the outlet conduit as a 
function of the rotation of the crankshaft, the charge control 
apparatus comprising: 

a rotary disc valve disposed in the intake conduit 
upstream of the intake valve, the rotary disc valve 
having a rotatable member rotatably mounted in a 
housing and connected to an electric motor operable to 
move the rotatable member betWeen a position in 
Which the rotatable member closes the intake conduit 
and a position in Which the rotatable member permits 
?oW along the intake conduit to the intake valve; and 

a control unit for controlling the operation of the electric 
motor as a function of the engine performance demand 
indicated by an engine performance demand element to 
thereby effect movement of the rotatable member of the 
rotary disc valve such that the closing time point of the 
rotary disc valve at Which the rotatable member closes 
?oW through the intake conduit is set increasingly 
ahead of the closing time point of the intake valve as a 
function of decreasing engine performance demands. 

2. A charge control device according to claim 1 and 
further comprising a torsion stiff and ?exible connection 
coupling for interconnecting the rotatable member and the 
electric motor. 

3. A charge control device according to claim 1 Wherein 
the electric motor includes a magnetic pole rotor and the 
rotatable member and the electric motor are con?gured to 
operate With one another as an electromagnetic rotational 
unit. 

4. A charge control device according to claim 1 Wherein 
the electric motor Which includes a magnetic ?eld Winding 
stator, and the housing together form an electromagnetic 
rotational unit. 

5. A charge control device according to claim 1 Wherein 
the cylinder includes tWo intake conduits each having a 
respective intake valve associated thereWith, a rotary disc 
valve is disposed in each intake conduit, and each rotary disc 
valve is connected to a separate motor for independent 
actuation of the rotary disc valve. 

6. A charge control apparatus for a reciprocating internal 
combustion engine, the reciprocating internal combustion 
engine having at least one cylinder in Which a piston is 
reciprocably moved by a crankshaft, the cylinder having at 
least one intake conduit and an intake valve Which opens and 
closes the intake conduit as a function of the rotation of the 
crankshaft and having at least on outlet conduit and an outlet 
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valve Which open and closes the outlet conduit as a function 
of the rotation of the crankshaft, the charge control apparatus 
comprising: 

a separation Wall extending lengthWise Within the intake 
conduit and having a separate shape and a plurality of 
valve openings each extending transverse to the intake 
conduit length; 

a shaft; 
at least tWo closure members ?xedly disposed on the shaft 

and each associated With a respective valve opening for 
opening and closing the respective valve opening in 
correspondence With movement of the shaft, one of the 
closure members being disposed on one side of the 
serpentine separation Wall and this other closure mem 
ber being disposed on the other side of the serpentine 
separation Wall such that the pressure dilferential acting 
on the closure members in their closed positions is 
compensated; 

a magnetic stroke actuator for moving the shaft longitu 
dinally in one direction so as to effect closing of the 
valve openings in the serpentine separation Wall by the 
respective closure members associated thereWith and 
for moving the shaft longitudinally in an opposite 
direction so as to effect opening of the valve openings 
in the serpentine separation Wall by movement of the 
closure members aWay from the valve openings; and 

a control unit for controlling the operation of the magnetic 
stroke actuator as a function of the negative perfor 
mance demand indicated by an engine performance 
demand element to thereby effect movement of the 
closure members such that the closing time point of the 
valve openings at Which the closure member close the 
valve openings is set increasingly ahead of the closing 
time point of the intake valve as a function of decreas 
ing engine performance demands. 

7. A charge control device according to claim 5 Wherein 
there are four valve openings in the serpentine separation 
Wall and four closure members are each associated With a 
respective valve opening. 

8. A method for controlling the operation of a reciprocat 
ing internal combustion engine, the reciprocating internal 
combustion engine having at least one cylinder in Which a 
piston is reciprocably moved by a crankshaft, the cylinder 
having at least one intake conduit by an intake valve Which 
opens and closes the intake conduit as a function of the 
rotation of the crankshaft and having at least one outlet 
conduit and an outlet valve Which opens and closes the outlet 
conduit as a function of the rotation of the crankshaft, an 
engine performance demand member Whose position con 
trols the amount of refresh air charge introduced through the 
intake conduit to the cylinder, and a charge control apparatus 
including a rotary disc valve disposed in the intake conduit 
upstream of the intake valve movable betWeen a position in 
Which the rotary disc valve closes the intake conduit and a 
position in Which it permits ?oW along the intake conduit to 
the inlet valve, the method comprising: 

controlling the opening of the rotary disc valve in the 
intake conduit to precede the opening of the intake 
valve such that, When the rotary disc valve is moved 
into its position in the intake conduit While the intake 
valve is still closed, a pressure Wave produced by the 
vacuum existing betWeen the rotary disc valve and the 
intake valve arrives, after re?ection on the open end of 
the intake conduit, at the intake valve substantially 
contemporaneously With the opening of the intake 
valve, Whereby the intake effort performed by the 
piston in draWing in a fresh charge into the cylinder is 
reduced. 
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9. A method for controlling the operation of a reciprocat 

ing internal combustion engine, the reciprocating internal 
combustion engine having at least one cylinder in Which a 
piston is reciprocably moved by a crankshaft, the cylinder 
having at least one intake conduit and an intake valve Which 
opens and closes the intake conduit as a function of the 
rotation of the crankshaft and having at least one outlet 
conduit and an outlet valve Which opens and closes the outlet 
conduit as a function of the rotation of the crankshaft, an 
engine performance demand member Whose position con 
trols the amount of fresh air charge introduced through the 
intake conduit to the cylinder, a separation Wall extending 
lengthWise Within the intake conduit and having a serpentine 
shape and a plurality of valve openings each extending 
transverse to the intake conduit length, a shaft, at least tWo 
closure members ?xedly disposed on the shaft and each 
associated With a respective valve opening for opening and 
closing the respective valve opening in correspondence With 
movement of the shaft, one of the closure members being 
disposed on one side of the serpentine separation Wall and 
the other closure member being disposed on the other side 
of the serpentine separation Wall such that the pressure 
dilferential acting on the closure members in their closed 
positions is compensated, and a magnetic stroke actuator for 
moving the shaft longitudinally in one direction so as to 
effect closing of the valve openings in the serpentine sepa 
ration Wall by the respective closure members associated 
thereWith and for moving the shaft longitudinally in an 
opposite direction so as to effect opening of the valve 
openings in the serpentine separation Wall by movement of 
the closure members aWay from the valve openings, the 
method comprising: 

controlling the movement of the closure members to 
effect opening their associated valve openings in the 
serpentine separation Wall in the intake conduit to 
precede the opening of the intake valve such that, When 
the valve openings in the serpentine separation Wall in 
the intake conduit are open While the intake valve is 
still closed, a pressure Wave produced by the vacuum 
existing betWeen the valve openings in the serpentine 
separation Wall in the intake conduit and the intake 
valve arrives, after re?ection upon the open end of the 
intake conduit, at the intake valve substantially con 
temporaneously With the opening of the intake valve, 
Whereby the intake effort performed by the piston in 
draWing in a fresh charge into the cylinder is reduced. 

10. Amethod according to claim 8 and further comprising 
controlling the movement of the rotary disc valve as a 
function of a selected one of the charging volume and the 
charging pressure of a charging apparatus. 

11. A method according to claim 8 Wherein the recipro 
cating internal combustion engine includes a series of 
exhaust gas turbo charges and an exhaust gas distribution 
valve is controlled to effect the immediate impact of exhaust 
gas on the exhaust gas turbo chargers as a function of the 
control of the rotary disc valve. 

12. A method according to claim 11 Wherein each exhaust 
gas turbo charge includes a variable intake geometry Which 
is controlled as a function of the content of the rotary disc 
valve. 

13. Amethod according to claim 9 and further comprising 
controlling the movement of the closure member to open 
and close the valve openings in the serpentine separation 
Wall in the intake conduit as a function of a selected one of 
the charging volume and the charging pressure of a charging 
apparatus. 

14. A method according to claim 13 Wherein the recipro 
cating internal combustion engine includes an exhaust gas 
turbo charger and an exhaust gas valve is controlled to effect 
the immediate impact of exhaust gas on the exhaust gas 
turbo charger as a function of the control of the closure 
members. 
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15. A method according to claim 14 wherein the exhaust 
gas turbo charger includes a Variable intake geometry Which 
is controlled as a function of the control of the closure 
members. 

16. A method for controlling operation of an internal 
combustion engine, 

wherein the internal combustion engine comprises: 
at least one cylinder, 

apiston reciprocally movable in the at least one cylinder, 
at least one intake conduit in communication with the 

cylinder, 
an intake valve arranged and constructed to open and 

close the intake conduit as a function of crankshaft 
rotation, 

means for generating signals representative of engine 
performance demands, and 

a charge control valve movably disposed in the at least 
one intake conduit upstream of the intake valve, the 
charge control valve being arranged and constructed to 
open and close the intake conduit based upon the 
signals from the means for generating signals repre 
sentative of engine performance demands, 

the method comprising: 
closing the charge control valve increasingly ahead of 

closing the intake valve in response to signals indicat 
ing decreasing engine performance demands, whereby 
a reduced pressure condition is generated between the 
charge control valve and the intake valve; and 

opening the charge control valve ahead of opening the 
intake valve, such that the charge control valve is 
opened, while the intake valve is still closed, at a timing 
to generate a pressure wave by the reduced pressure 
condition between the charge control valve and the 
intake valve, which pressure wave is re?ected by an 
open end of the intake conduit, and such that the 
pressure wave arrives at the intake valve substantially 
contemporaneously with the opening of the intake 
valve. 

17. A method as in claim 16, wherein the internal com 
bustion engine further comprises means for increasing an 
amount offresh charge supplied via the intake conduit to the 
cylinder, the methodfurther comprising opening and closing 
the charge control valve based, at least in part, upon one of 
charging volume and charging pressure. 

18. A method as in claim 16, wherein the internal com 
bustion engine further comprises: 

at least first and second exhaust gas turbo charges, each 
comprising an exhaust turbine connected in series with 
a charger turbine and 

a divider valve disposed upstream of the first exhaust 
turbine, 

the method further comprising selectively directing 
exhaust gas directly to the charger turbine in depen 
dence upon operational parameters of the internal 
combustion engine. 

19. A method as in claim 18, wherein each exhaust gas 
turbine comprises a variable intake geometry and the 
method further comprises controlling the variable intake 
geometry as a function of the operational parameters of the 
internal combustion engine. 

20. A method as in claim 16, wherein the internal com 
bustion engine further comprises an electric step motor 
receiving the signalsfrom the meansfor generating signals 
representative of engine performance demand and being 
arranged and constructed to control the opening and closing 
ofthe charge control valve based upon said signals. 
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2]. A method as in claim 20, wherein the charge control 

valve comprises a rotary valve. 
22. A method as in claim 2], wherein the rotary valve and 

the electric step motor are interconnected by a torsion-sti?: 
but ?exible bending connection. 

23. A method as in claim 16, wherein the change control 
valve comprises a linearly movable valve. 

24. An apparatus suitablefor controlling operation ofan 
internal combustion engine, wherein the internal combus 
tion engine comprises: 

at least one cylinder having at least one intake opening 
and at least one exhaust opening, 

a piston reciprocally movable in the at least one cylinder, 

an intake valve arranged and constructed to open and 

close the intake opening as a function of crankshaft 
rotation, 

means for generating signals representative of engine 
performance demands, 

wherein the claimed apparatus comprises: 
at least one intake conduit in communication with the at 

least one intake opening, 

a change control valve movably disposed in the at least 
one intake conduit upstream of the intake valve, 

a motor being arranged and constructed to open and 
close the charge control valve, and 

a controller arranged and constructed to receive the 
signals from the means for generating signals repre 
sentative of engine performance demands and being 
arranged and constructed to supply charge control 
valve signals to the motor, such that: 

the charge control valve is closed increasingly ahead of 
closing of the intake valve in response to signals 
indicating decreasing engine performance demands, 
whereby a reduced pressure condition is generated 
between the charge control valve and the intake valve, 
and 

the charge control valve is opened ahead ofopening ofthe 
intake valve, such that the charge control valve is 
opened, while the intake valve is still closed, at a timing 
to generate a pressure wave by the reduced pressure 
condition between the charge control valve and the 
intake valve, which pressure wave is re?ected by an 
open end of the intake conduit, and such that the 
pressure wave arrives at the intake valve substantially 
contemporaneously with the opening of the intake 
valve. 

25. An apparatus as in claim 24, wherein the internal 
combustion engine further comprises means for increasing 
an amount offresh charge supplied via the intake conduit to 
the cylinder, wherein the controller is further arranged and 
constructed to open and close the charge control valve 
based, at least in part, upon one of charging volume and 
charging pressure. 

26. An apparatus as in claim 24 wherein the internal 
combustion engine further comprises: 

at least first and second exhaust gas turbo chargers, each 
comprising an exhaust turbine connected in series with 
a charger turbine, and 

a divider valve disposed upstream of the first exhaust 
turbine, wherein the divider valve is arranged and 
constructed to selectively direct exhaust gas directly to 
the charger turbines in dependence upon operational 
parameters of the internal combustion engine. 
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27. An apparatus as in claim 26, wherein each exhaust 
gas turbine comprises a variable intake geometry arranged 
and constructed to be controlled as a function of the 
operational parameters ofthe internal combustion engine. 

28. An apparatus in claim 24, wherein the motor is an 
electric step motor. 

29. An apparatus as in claim 28, wherein the charge 
control valve comprises a rotary valve. 
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30. An apparatus as in claim 29, wherein the rotary valve 

and the electric step motor are interconnected by a torsion 

sti?: but ?exible bending connection. 
3]. An apparatus as in claim 24, wherein the charge 

control valve comprises a linearly movable valve. 


