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(57) ABSTRACT 

A method of affecting the mixture formation and motion of 
a charge in an engine cylinder during a suction cycle of a gas 
intake valve of the cylinder. The suction cycle has a ?rst 
cycle portion and a subsequent, second cycle portion. The 
method includes the following steps: introducing air and fuel 
into the cylinder during the suction cycle; maintaining, 
during the ?rst cycle portion, the gas intake valve in a ?rst 
open position at full valve stroke in Which the gas intake 
valve has a fully open cross-sectional ?oW passage area; and 
maintaining, during the second cycle portion, the intake 
valve in a second open position at a partial stroke of the gas 
intake valve. The partial stroke is less than one half of the 
full stroke; and in the second open position the gas intake 
valve has a partially open cross-sectional ?oW passage area. 
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METHOD OF AFFECTING MIXTURE 
FORMATION AND CHARGE MOTION IN AN 

ENGINE CYLINDER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of application Ser. 
No. 09/123,578 ?led Jul. 28, 1998. 

[0002] This application claims the priority of German 
Application No. 197 33 139.4 ?led Jul. 31, 1997, Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] For in?uencing the formation of mixture and the 
motion of a charge in cylinders of externally ignited piston 
type internal-combustion engines, published International 
Application W0 91/ 14858 describes means in the region of 
the intake valves for a controllable ?oW de?ection as the 
intake gas passes from the intake opening into the cylinder. 
An insu?icient mixture formation is caused by an insu?i 
cient or missing vacuum in the intake pipe due to a poor fuel 
vaporiZation and cannot be improved at a fully open cross 
sectional ?oW passage area of the valve because of the loW 
intake velocity. Slides, gates, pivotal noZZles and the like are 
proposed as means for de?ecting the ?oW. Such elements are 
arranged in the channel-like intake port immediately in the 
region of the intake opening and are operated by suitable 
setting means as a function of the operational condition of 
the engine. The setting means are actuated by a control 
device to so de?ect the in?oWing air/fuel mixture (hereafter 
designated as gas ?oW) under certain operational conditions 
that during the suction stroke Within the cylinder chamber a 
turbulence (vortex) is generated Whose rotary axis extends 
essentially transversely to the cylinder axis. It is a disad 
vantage of such an arrangement that the ?oW de?ecting 
elements are disposed and supported in the intake port 
immediately upstream of the intake opening, that is, in a 
region in Which only little room is available for additional 
structural components. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the invention to provide an 
improved method of the above-outlined type Which affects 
the mixture formation and the charge motion in engine 
cylinders Without the need of encumbering structural com 
ponents. 

[0005] This object and others to become apparent as the 
speci?cation progresses, are accomplished by the invention, 
according to Which, brie?y stated, the method of affecting a 
mixture formation and motion of a charge in a cylinder of an 
externally ignited internal-combustion engine during a suc 
tion cycle of a gas intake valve of the cylinder is performed 
such that during a beginning (leading) and/or terminal 
(trailing) portion of the suction cycle the valve is opened and 
maintained open only partially at a valve stroke Which is less 
than one half of its full stroke and for the remainder of the 
suction cycle the gas intake valve is fully open at a full valve 
stroke. 

[0006] By changing the cross-sectional area of the valve 
?oW passage as outlined above, the mixture preparation and 
charge motion may be advantageously affected. By initially 
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providing only a small cross-sectional ?oW passage area, the 
mixture preparation is improved and subsequently, by open 
ing the valve to the full cross-sectional ?oW passage area, 
the combustion chamber is ?lled With the fresh mixture. In 
the ?rst phase of the piston stroke the fuel/air mixture ?oWs 
into the combustion chamber at a high velocity through the 
only slightly opened cylinder valve, positively supporting 
the mixture preparation and mixture homogeniZation. The 
charge quantity required for obtaining a desired load point 
may, hoWever, not be obtained With a constantly small 
cross-sectional area of the ?oW passage so that during the 
same opening phase (suction cycle) the cylinder valve is 
fully opened by a suitable control system to thus ensure an 
optimal ?lling of the combustion chamber With a fresh 
mixture. 

[0007] The method according to the invention may be 
performed in several Ways. Thus, according to a preferred 
embodiment of the invention, in the beginning the open 
period of the gas intake valve during a full “closed-open 
closed” suction cycle, the valve is maintained only partially 
open and only for a short period, at the end of Which the 
valve is closed and shortly thereafter re-opened to the full 
?oW passage area. In this manner With a ?rst, partial mixture 
charge a motion is initiated in the cylinder chamber at an 
increasing vacuum, so that subsequently, at full valve open 
ing, the full charge quantity may ?oW in With high speed by 
virtue of the increased vacuum. 

[0008] According to another preferred embodiment of the 
method of the invention, the gas intake valve is ?rst opened 
to the full cross section, thereafter maintained at a partially 
open state and then fully closed. With such a method too, it 
is possible to introduce a residual quantity of fresh gas at 
high velocity into the cylinder toWards the end of the suction 
cycle and to thus favorably affect the charge motion in the 
cylinder. As a variant, the valve may be fully closed after the 
initial full opening and thereafter opened and maintained 
brie?y in a partially open state. 

[0009] The above-outlined different modes of operation 
may be combined With one another dependent upon the load 
conditions, and it is also feasible to control, in engines 
having a plurality of gas intake valves for each cylinder, all 
or only a single valve of the cylinder With the method 
according to the invention. 

[0010] While it is in principle feasible to obtain the 
inventive suction cycle characteristics of the cylinder valve 
by mechanical drives, the method according to the invention 
?nds particularly advantageous application in piston-type 
internal-combustion engines Whose cylinder valves are oper 
ated by electromagnetic actuators in Which the control 
periods are freely variable. Thus, by different opening and 
closing moments for the individual suction cycle stages 
(partially open or fully open cross-sectional ?oW passage 
area), different open periods for the suction cycle stages can 
be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a graph illustrating the stroke S of a gas 
intake valve as a function of the crankshaft angle according 
to a conventional valve control method. 

[0012] FIGS. 2, 3, 4, 5 and 6 are graphs illustrating the 
stroke S of a gas intake valve as a function of the crankshaft 
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angle according to ?ve preferred embodiments of the valve 
control method according to the invention. 

[0013] FIG. 7 is a schematic axial sectional vieW of an 
example of an electromagnetic actuator for performing the 
method according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] In the course of a conventional control of a suction 
cycle of an intake valve as illustrated in FIG. 1, the valve is 
moved directly into and maintained in a full-stroke position 
for a given period so that the gas may ?oW into the 
combustion chamber through a fully open cross-sectional 
area of the valve ?oW passage. Thereafter, the gas intake 
valve is fully closed. A valve opening characteristic of this 
type, particularly at partial load conditions, does not yield a 
fully satisfactory mixture preparation in otto engines. 

[0015] If, as shoWn in FIG. 2, during a leading end portion 
of the suction cycle, the valve is opened only With a short 
stroke and is maintained in such a partially open position, 
then, corresponding to the predetermined vacuum, the gas 
may ?oW through the small cross-sectional ?oW passage 
area With high speed into the combustion chamber so that 
subsequently, upon a full opening of the valve, the combus 
tion chamber receives the full charge ?ll and the vortex 
induced at the beginning of the suction cycle improves the 
mixture preparation and the motion of the charge. Such 
partial opening (partial stroke) of the valve is, according to 
the invention, less than one half of the full stroke of the 
valve. 

[0016] The same effect may be achieved if, as shoWn in 
FIG. 3, the valve is opened during the short-period leading 
end portion of the suction cycle With a small stroke, then the 
valve is closed and after a delay it is again opened With a full 
stroke to the fully open cross-sectional ?oW passage area. 
Since the piston, during the short closed period of the valve, 
continues to move, during such period the vacuum in the 
combustion chamber increases so that the residual gas may 
?oW into the combustion chamber With a correspondingly 
increased velocity. 

[0017] The stroke curves according to FIGS. 4 and 5 
represent respective reversals of the cycle courses described 
in FIGS. 2 and 3; as a result, during the trailing end portion 
of the suction cycle the in?oWing gas again may ?oW into 
the combustion chamber With a high velocity. 

[0018] FIG. 6 shoWs a suction cycle curve Which essen 
tially is a superposition of the curves shoWn in FIGS. 2 and 
4. Thus, during a leading end portion and a trailing end 
portion of the suction cycle, the intake valve is maintained 
open for a short period of time at a partially open cross 
sectional area of the How passage. 

[0019] FIG. 7 illustrates an electromagnetic actuator 1 
operatively coupled With a cylinder valve 2. The electro 
magnetic actuator has an armature 3 associated With a 
closing magnet 4 and an opening magnet 5. Both magnets 
are connected With a non-illustrated electronic control 
device so that upon alternating controlled energiZation of the 
tWo electromagnets the armature 3 may move back and forth 
betWeen the tWo electromagnets 4 and 5 against the resetting 
force of an opening spring 6 and an oppositely acting closing 
spring 7. The armature 3 assumes its respective setting 
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position by lying on the pole face 8 of the respective 
electromagnet 4 or 5. In the shoWn example, the tWo 
resetting springs 6 and 7 are of identical design so that in the 
de-energiZed state of the electromagnets 4 and 5 the position 
of rest of the armature 3 is half Way betWeen the pole faces 
8 of the tWo electromagnets 4 and 5. 

[0020] If, as shoWn in FIG. 7, the closing magnet 4 is in 
an energiZed state, the armature 3 lies against the pole face 
8 of the closing magnet 4 and retains the intake valve 2 in 
its closed position. If the current to the closing magnet 4 is 
sWitched off, then the force of the opening spring 6 moves 
the armature, together With the gas intake valve 2 in the 
direction of the opening magnet 5 against the increasing 
force of the closing spring 7. Upon energiZing the opening 
magnet 5 at a predetermined controllable moment as the 
armature 3 passes the position of rest, a corresponding 
magnetic ?eld builds up Which captures the armature 3 and 
moves the same into a contacting position With the pole face 
8 of the opening magnet 5 against the increasing force of the 
closing spring 7. After an open period determined by the 
control device, the opening magnet 5 is de-energiZed and 
thereafter the closing magnet 4 is energiZed, causing the 
armature 3 again to move into the closed position as shoWn 
in FIG. 7 and thus the gas intake opening is closed. Such a 
stroke course (suction cycle) corresponds to that described 
in connection With FIG. 1. 

[0021] In the illustrated embodiment, the resetting spring 
7 acts on a spring seat disk 19 connected With a valve stem 
18 of the gas intake valve 2. The valve stem 18 and the guide 
rod 15 of the armature 3 are of separate (divided) construc 
tion. 

[0022] An additional opening magnet 12 Which is associ 
ated With the opening magnet 5 has an armature 13 arranged 
on that side of the magnet Which is oriented aWay from the 
pole face 8. The armature 13 may be guided, for example, in 
the yoke of the opening magnet 5. The armature 13 is 
maintained in its position of rest by a holding spring 14. The 
distance of the armature 13 from the pole face 20 of the 
additional opening magnet 12 determines the extent of a 
reduced opening stroke such as described in connection With 
FIGS. 2-6. 

[0023] As, in an uninterrupted energiZed state of the 
closing magnet 4, the cylinder valve 2 is held in the closed 
position by the resetting spring 7, the additional magnet 12 
may be energiZed Which causes motion of the armature 13 
and thus the intake valve 2 Which is opened only to an extent 
Which corresponds to the predetermined distance a extend 
ing from the armature 13 (When in engagement With the 
closing magnet 4) to the pole face 20. Such an open state of 
the valve 2 lasts for the duration of the energiZation of the 
additional magnet 12. If the additional magnet 12 is de 
energiZed, the gas intake valve 2 is again closed by means 
of the resetting spring 7. If subsequently the closing magnet 
4 is de-energiZed to achieve a full opening the valve 2, the 
suction cycle illustrated in FIG. 3 is obtained. 

[0024] The additional magnet 12 may be controlled such 
that ?rst, as described earlier, the gas intake valve 2 is 
opened and maintained open With a small stroke. If subse 
quently the closing magnet 4 is de-energiZed and the open 
ing magnet 5 is accordingly energiZed, the suction cycle 
curve according to FIG. 2 is obtained. 
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[0025] The suction cycle curves shown in FIGS. 4, 5 and 
6 too, may be obtained by a suitably timed energiZation and 
de-energiZation of the electromagnets 4, 5 and 12. 

[0026] The open periods for the partial stroke as Well as 
for the full stroke and the relationship of these open periods 
to one another may be predetermined by a corresponding 
design of the engine control for the respective load condi 
tions. 

[0027] The method according to the invention is not 
limited to gas intake valves operated by an electromagnetic 
actuator. In principle, the suction cycle curves according to 
the invention may be obtained by any type of actuator 
structure Which make possible a stepped stroke motion of 
the gas intake valve. It is particularly advantageous to use 
actuators Which may be freely controlled as it is the case in 
electromagnetic actuators. 

[0028] It Will be understood that the above description of 
the present invention is susceptible to various modi?cations, 
changes and adaptations, and the same are intended to be 
comprehended Within the meaning and range of equivalents 
of the appended claims. 

1. A method of affecting a miXture formation and motion 
of a charge in a cylinder of an externally ignited internal 
combustion engine during a suction cycle of a gas intake 
valve of the cylinder; said suction cycle having a ?rst cycle 
portion and a subsequent, second cycle portion; the method 
comprising the folloWing steps: 

(a) introducing air and fuel into the cylinder during said 
suction cycle; 

(b) maintaining, during said ?rst cycle portion, said gas 
intake valve in a ?rst open position at full valve stroke 
in Which said gas intake valve has a fully open cross 
sectional ?oW passage area; and 

(c) maintaining, during said second cycle portion, said gas 
intake valve in a second open position at a partial stroke 
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of said gas intake valve; said partial stroke being less 
than one half of said full stroke; and in said second 
open position said gas intake valve having a partially 
open cross-sectional ?oW passage area. 

2. The method as de?ned in claim 1, Wherein said step (c) 
comprises the step of directly moving said gas intake valve 
into said second open position from said ?rst open position. 

3. The method as de?ned in claim 1, further comprising 
the step of fully closing said gas intake valve upon ending 
step (b) and before starting step 

4. The method as de?ned in claim 3, further comprising 
the step of maintaining said gas intake valve closed for a 
period betWeen steps (b) and 

5. A method of affecting a miXture formation and motion 
of a charge in a cylinder of an externally ignited internal 
combustion engine during a suction cycle of a gas intake 
valve of the cylinder; said suction cycle having a leading 
cycle portion, a trailing cycle portion and an intermediate 
cycle portion; the method comprising the folloWing steps: 

(a) introducing air and fuel into the cylinder during said 
suction cycle; 

(b) maintaining, during said intermediate cycle portion, 
said gas intake valve in a ?rst open position at full valve 
stroke in Which said gas intake valve has a fully open 
cross-sectional ?oW passage area; and 

(c) maintaining, during said leading and trailing cycle 
portions, said gas intake valve in a second open posi 
tion at a partial stroke of said gas intake valve; each 
said partial stroke being less than one half of said full 
stroke; and in said second open position said gas intake 
valve having a partially open cross-sectional ?oW pas 
sage area. 


