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(57) ABSTRACT 

An intake and exhaust system for a dual mode HCCI engine, 
Which provides superior intake temperature control and 
homogeneity for engine operation in SI and HCCI modes, as 
Well as during transition betWeen SI and HCCI modes and 
vice-versa. The system includes adjusted intake cam move 
ment event lengths for intake valve operation at speci?ed 
modes of operation. The system further includes at least one 
cam pro?le sWitching device operatively connected to intake 
and exhaust valves in an engine for controlling event length, 
maximum lift, and valve opening/closing timings for the 
intake and exhaust valves. The system yet further includes a 
bifurcated intake system and camless valve actuators for 
controlling intake valves for facilitating operation in SI or 
HCCI modes, as Well as transition betWeen SI and HCCI 
modes and vice-versa. 
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METHOD AND APPARATUS FOR CONTROLLING 
OPERATION OF DUAL MODE HCCI ENGINES 

BACKGROUND OF INVENTION 

[0001] a. Field of Invention 

[0002] The invention relates generally to intake and 
exhaust systems for engines, and, more particularly to the 
control of an intake and exhaust system for a dual mode 
HCCI engine, Which provides superior intake temperature 
control and homogeneity for engine operation in SI and 
HCCI modes, as Well as during transition betWeen SI and 
HCCI modes and vice-versa. 

[0003] b. Description of Related Art 

[0004] Compared to conventional engines, homogeneous 
charge compression ignition (HCCI) engines potentially 
have high ef?ciency, very loW emissions of oxides of 
nitrogen (NOx) and particulates, and relatively loW cost. 
HCCI engines hoWever generally operate over the same 
operating range, With regard to speed and torque, as con 
ventional SI or diesel engines, for achieving the same 
vehicle performance. Because HCCI is limited by harsh 
combustion at higher torques, it is common for the engine to 
employ both SI and HCCI combustion mode technology. At 
medium torque, the engine can operate in HCCI mode to 
achieve high fuel ef?ciency and loW NOx emissions. At 
higher torques hoWever, the combustion mode of the engine 
is typically sWitched to SI mode. Hence, there exists a need 
to improve upon existing, or alternatively, develop neW 
methods and mechanisms for optimal engine operation in 
HCCI and SI modes, as Well as during HCCI and SI 
combustion mode sWitching. 

[0005] For combustion in an HCCI engine With a limited 
compression ratio, the gas temperature When the piston is at 
top dead center (TDC) should be high enough (i.e. about 
1000 K) for autoignition. The high temperature may be 
realiZed by using higher compression ratio and/or higher 
charge temperature before compression. In general, the 
loWer the torque, the higher the intake temperature should 
preferably be. 

[0006] For typical operation, the air-fuel mixture in a dual 
combustion engine in HCCI mode is diluted by air or by 
exhaust gas recirculation (EGR) through the use of high 
intake pressure (i.e. unthrottled operation at medium torque) 
to suppress NOx formation. In contrast, the intake tempera 
ture of a dual combustion engine in SI mode should pref 
erably be loW enough (i.e. close to ambient temperature) to 
avoid knocking, the compression ratio should be limited (i.e. 
CR<~11:1), and the air-fuel mixture should preferably be at, 
or close to, stoichiometric. Thus, When a dual combustion 
engine is sWitching from HCCI mode to SI mode, the inlet 
temperature should preferably decrease quickly and the 
intake pressure should preferably also decrease quickly to 
restrict the intake air?oW to form a stoichiometric mixture at 
a medium torque. 

[0007] Another concern With dual mode HCCI engines is 
in the heterogeneity of the temperature distribution in a 
cylinder, Which is knoWn to affect the overall HCCI com 
bustion rate. In HCCI mode, autoignition ?rst starts at the 
hot regions Within a cylinder, folloWed by autoignition in the 
cold regions. Thus, the overall combustion rate in a cylinder 
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can be decreased due to heterogeneity of the temperature 
distribution Within a cylinder. 

[0008] In addition to the heterogeneity of the temperature 
distribution in a cylinder, effective intake temperature con 
trol is also of importance in a dual combustion HCCI engine. 
For example, in order to promote spontaneous HCCI com 
bustion, it is necessary to maintain the homogeneous air/fuel 
mixture at a certain temperature so the active radicals Will 
auto-ignite at the correct time in the cycle (i.e. proper 
combustion phasing). If the temperature is too high, the 
radicals can autoignite too early, creating excessive peak 
pressures, poor ef?ciency and other issues (i.e. engine dam 
age). If the temperature is too loW, the radicals may not 
combust at all, creating a mis?re condition. Moreover, the 
required temperature varies With engine condition (i.e. 
speed, load, EGR, A/F ratio etc.). 
[0009] Accordingly, the intake/exhaust system for a dual 
mode HCCI engine can be relatively complicated and can 
include several factors Which can effect the performance 
thereof, as evidenced by the aforementioned discussion. 

[0010] Various related-art intake/exhaust systems for 
HCCI engines are knoWn and disclosed, for example, in US. 
Pat. No. 6,295,973 to Yang, assigned to the assignee of the 
present application, and US. Pat. No. 6,276,334 to Flynn, 
US. patent application Ser. No. 09/573,743, and SAE paper 
No. 2002-01-0105, the respective disclosures of Which are 
incorporated herein in their entirety by reference. 

[0011] US. Pat. No. 6,295,973 to Yang, for example, 
discloses an intake system for an HCCI engine, Which 
proposes using the Waste thermal energy in the coolant and 
exhaust gases to heat the intake air and control the intake air 
temperature by mixing the heated and un-heated air streams 
With different mass ratios of the tWo air streams. US. Pat. 
No. 6,276,334 to Flynn discloses that varying the opening 
and closing timing of intake valves can be used to advance 
or retard the combustion event as desired. One draWback 
With the invention of Flynn is that it requires the continuous 
varying of valve timing, Which can be dif?cult to implement 
for the HCCI and SI combustion mode transition region. 

[0012] In order to improve upon the intake/exhaust sys 
tems of dual combustion engines, related inventions have 
tested HCCI-SI dual-mode engines With negative valve 
overlap. In these tests hoWever, the engine geometric com 
pression ratio remains loW (CR<~12z1), and the effective 
compression ratio for both HCCI and SI combustion remains 
essentially unchanged. Further, the results from these tests 
are not directly applicable to engines With a high geometric 
compression ratio (CR>~15:1). Additionally, currently 
available HCCI-SI dual-mode engines rely fully on the hot 
residuals for autoignition, hence include a large negative 
valve overlap, Which should preferably be avoided or mini 
miZed. 

[0013] Lastly, in pending patent application Ser. No. 
09/573,743, Which is co-oWned by the Assignee herein and 
the disclosure of Which is incorporated by reference, HCCI 
SI dual-mode engine operation strategies and mechanisms 
based on variable cam timing (VCT) are proposed. For the 
invention disclosed in application Ser. No. 09/573,743, the 
cam phasing speed can be of importance during combustion 
mode transition. 

[0014] Based upon the aforementioned factors and con 
cerns, there remains a need for a system for precisely 
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controlling each cylinder’s inlet air temperature and density 
in order to promote efficient and stable HCCI combustion, 
an intake system/strategy that can control both the overall 
air-fuel charge temperature and heterogeneity of tempera 
ture distribution in a cylinder, as Well as a system Which can 
facilitate HCCI-SI combustion mode transition, the system 
being structurally and economically feasible to manufacture 
and install, and the system ef?ciently and reliably achieving 
the aforementioned requirements for the relatively compli 
cated operation of a dual-mode HCCI engine. 

SUMMARY OF INVENTION 

[0015] The invention solves the problems and overcomes 
the draWbacks and de?ciencies of prior art intake and 
exhaust systems by providing novel intake and exhaust 
systems for a dual mode HCCI engine, Which provide 
superior intake temperature and pressure control for engine 
operation in SI and HCCI modes, as Well as during transition 
betWeen SI and HCCI modes. 

[0016] Thus, exemplary aspects of the present invention 
are to provide a system for precisely controlling each 
cylinder’s inlet air temperature and density in order to 
promote efficient and stable HCCI combustion, an intake 
system/strategy that can control both the overall air-fuel 
charge temperature and the heterogeneity of temperature 
distribution in a cylinder, as Well as a system Which can 
facilitate a HCCI-SI combustion mode transition. 

[0017] The invention achieves the aforementioned exem 
plary aspects by providing an intake/exhaust system for a 
dual-mode homogeneous charge compression ignition 
(HCCI) engine operable in SI and HCCI modes. The system 
may include at least one cylinder including at least one 
intake valve and at least one exhaust valve, and at least one 
cam operatively connected to the intake and exhaust valves. 
In SI mode, the cam may operate the intake valve such that 
an intake cam movement event length is approximately 280 
to 320 cad. 

[0018] For the system described above, the engine may 
further include a piston disposed Within the cylinder and 
including top dead center (TDC) and bottom dead center 
(BDC) positions. In SI mode, the system may include an 
intake valve closing time of approximately 90 to 120 cad 
after BDC using the extended intake cam movement event 
length of approximately 280 to 320 cad. In HCCI mode, the 
system may include an exhaust valve opening time of 
approximately 20 to 60 cad before BDC, and an intake valve 
closing time of approximately 20 to 50 cad after BDC. 
Moreover, in HCCI mode, the system may include exhaust 
and intake valve movement including no overlap, or alter 
natively, exhaust and intake valve movement including a 
negative valve overlap of less than approximately 60 cad. 

[0019] The invention yet further provides an intake/ex 
haust system for a dual-mode homogeneous charge com 
pression ignition (HCCI) engine operable in SI and HCCI 
modes. The system may include at least one cylinder includ 
ing at least one intake valve and at least one exhaust valve, 
and at least one cam pro?le sWitching device operatively 
connected to at least one of the intake and exhaust valves. 
The system may further include at least one cold-air duct 
connected to the cylinder for supplying cold air to the 
cylinder upon opening of the intake valve and a cold-air 
throttle, at least one hot-air duct connected to the cylinder 
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for supplying heated air to the cylinder upon opening of the 
intake valve and a hot-air throttle, and at least one check 
valve connected betWeen the cold and hot-air ducts for 
permitting How of air betWeen the ducts. 

[0020] For the system described above, the cam pro?le 
sWitching device may be a roller-roller tWo-step ?nger 
folloWer. The system may further include a ?rst cam pro?le 
sWitching device operatively connected to a cold intake 
valve, and a second cam pro?le sWitching device operatively 
connected to at least tWo exhaust valves. The ?rst cam 
pro?le sWitching device may sWitch an event length of the 
cold intake valve from approximately 280-320 cad to 
approximately 150-210 cad, and the second cam pro?le 
sWitching device may sWitch an event length of the exhaust 
valves from approximately 230-250 cad to approximately 
190-220 cad, for combustion mode transition from SI to 
HCCI mode, and vice-versa for combustion mode transition 
from HCCI to SI mode. The ?rst cam pro?le sWitching 
device may sWitch a normaliZed valve maximum lift of the 
cold intake valve from approximately 1 to approximately 
0.3-0.7, and the second cam pro?le sWitching device may 
sWitch a normaliZed valve maximum lift of the exhaust 
valves from approximately 1 to approximately 08-095, for 
combustion mode transition from SI to HCCI mode, and 
vice-versa for combustion mode transition from HCCI to SI 
mode. The ?rst cam pro?le sWitching device may sWitch a 
valve opening time of the cold intake valve from approxi 
mately 0-15 cad to approximately —50-0 cad at top dead 
center, and the second cam pro?le sWitching device may 
sWitch a valve opening time of the exhaust valves from 
approximately 50-70 cad to approximately 40-60 cad at 
bottom dead center, for combustion mode transition from SI 
to HCCI mode, and vice-versa for combustion mode tran 
sition from HCCI to SI mode. The ?rst cam pro?le sWitching 
device may sWitch a valve closing time of the cold intake 
valve from approximately 95-125 cad to approximately 
25-45 cad at bottom dead center, and the second cam pro?le 
sWitching device may sWitch a valve closing time of the 
exhaust valves from approximately 0-20 cad to approxi 
mately —35-0 cad at top dead center, for combustion mode 
transition from SI to HCCI mode, and vice-versa for com 
bustion mode transition from HCCI to SI mode. 

[0021] For the system described above, the system may 
further include ?rst, second and third cam pro?le sWitching 
devices operatively connected to a cold intake valve, a hot 
intake valve and at least tWo exhaust valves, respectively. 
The second cam pro?le sWitching device may sWitch an 
event length of the hot intake valve from approximately 
170-210 cad to approximately less than 180 cad to begin 
combustion mode transition from SI to HCCI mode, and 
vice-versa to begin combustion mode transition from HCCI 
to SI mode. The ?rst cam pro?le sWitching device may 
sWitch an event length of the cold intake valve from approxi 
mately 280-320 cad to approximately 150-210 cad, the 
second cam pro?le sWitching device may sWitch an event 
length of the hot intake valve from approximately less than 
180 cad to approximately 170-210 cad, and the third cam 
pro?le sWitching device may sWitch an event length of the 
exhaust valves from approximately 230-250 cad to approxi 
mately 190-220 cad, for combustion mode transition from SI 
to HCCI mode, and vice-versa for combustion mode tran 
sition from HCCI to SI mode. 
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[0022] For the system described above, the second cam 
pro?le switching device may switch a normalized valve 
maximum lift of the hot intake valve from approximately 
0.8-0.95 to approximately less than 0.2 to begin combustion 
mode transition from SI to HCCI mode, and vice-versa to 
begin combustion mode transition from HCCI to SI mode. 
The ?rst cam pro?le sWitching device may sWitch a nor 
maliZed valve maximum lift of the cold intake valve from 
approximately 1 to approximately 0.3-0.7, the second cam 
pro?le sWitching device may sWitch a normaliZed valve 
maximum lift of the hot intake valve from approximately 
less than 0.2 to approximately 0.8-0.95, and the third cam 
pro?le sWitching device may sWitch a normaliZed valve 
maximum lift of the exhaust valves from approximately 1 to 
approximately 0.8-0.95, for combustion mode transition 
from SI to HCCI mode, and vice-versa for combustion mode 
transition from HCCI to SI mode. 

[0023] For the system described above, the second cam 
pro?le sWitching device may sWitch a valve opening time of 
the hot intake valve from approximately —35-0 cad to 
approximately —60-25 cad at top dead center to begin 
combustion mode transition from SI to HCCI mode, and 
vice-versa to begin combustion mode transition from HCCI 
to SI mode. The ?rst cam pro?le sWitching device may 
sWitch a valve opening time of the cold intake valve from 
approximately 0-15 cad to approximately —50-0 cad at top 
dead center, the second cam pro?le sWitching device may 
sWitch a valve opening time of the hot intake valve from 
approximately —60-25 cad to approximately —35-0 cad at top 
dead center, and the third cam pro?le sWitching device may 
sWitch a valve opening time of the exhaust valves from 
approximately 50-70 cad to approximately 40-60 cad at 
bottom dead center, for combustion mode transition from SI 
to HCCI mode, and vice-versa for combustion mode tran 
sition from HCCI to SI mode. 

[0024] For the system described above, the second cam 
pro?le sWitching device may sWitch a valve closing time of 
the hot intake valve from approximately 25-45 cad to 
approximately 0-25 cad at bottom dead center to begin 
combustion mode transition from SI to HCCI mode, and 
vice-versa to begin combustion mode transition from HCCI 
to SI mode. The ?rst cam pro?le sWitching device may 
sWitch a valve closing time of the cold intake valve from 
approximately 95-125 cad to approximately 25-45 cad at 
bottom dead center, the second cam pro?le sWitching device 
may sWitch a valve closing time of the hot intake valve from 
approximately 0-25 cad to approximately 25-45 cad at 
bottom dead center, and the third cam pro?le sWitching 
device may sWitch a valve closing time of the exhaust valves 
from approximately 0-20 cad to approximately —35-0 cad at 
top dead center, for combustion mode transition from SI to 
HCCI mode, and vice-versa for combustion mode transition 
from HCCI to SI mode. 

[0025] The invention yet further provides a method of 
combustion mode transition in a dual-mode homogeneous 
charge compression ignition (HCCI) operable in SI and 
HCCI modes. The method may include the steps of provid 
ing an intake/exhaust system including at least one cylinder 
including at least one intake valve and at least one exhaust 
valve, at least one cam pro?le sWitching device operatively 
connected to at least one of the intake and exhaust valves, at 
least one cold-air duct connected to the cylinder for supply 
ing cold air to the cylinder upon opening of the intake valve 
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and a cold-air throttle, at least one hot-air duct connected to 
the cylinder for supplying heated air to the cylinder upon 
opening of the intake valve and a hot-air throttle, and at least 
one check valve connected betWeen the cold and hot-air 
ducts for permitting How of air betWeen the ducts. The 
method may further include the step of operating the cold-air 
and hot-air throttles, and the check valve to control tem 
perature and How of air supplied to the cylinder. 

[0026] The invention yet further provides an intake/ex 
haust system for a dual-mode homogeneous charge com 
pression ignition (HCCI) engine operable in SI and HCCI 
modes. The system may include a source for supplying air 
to the engine, a coolant heat exchanger for cooling air from 
the source, the cooled air being supplied to an exhaust heat 
exchanger, and a camless valve actuator for controlling at 
least one hot and at least one cold intake valve. The system 
may further include at least one control valve for controlling 
air through the exhaust heat exchanger and the source to 
supply heated air via a hot intake manifold directly to at least 
one cylinder upon opening of the hot intake valve, and a cold 
intake manifold for directly supplying air from the source to 
the cylinder upon opening of the cold intake valve so as to 
supply air at a ?rst temperature to the engine for operation 
in SI mode and air at a second temperature to the engine for 
operation in HCCI mode. 

[0027] The invention further provides a method of com 
bustion mode transition in a dual-mode homogeneous 
charge compression ignition (HCCI) engine operable in SI 
and HCCI modes. The method may include the steps of 
supplying air to the engine by a source, cooling the supplied 
air by a coolant heat exchanger, supplying the cooled air to 
an exhaust heat exchanger, and controlling at least one hot 
and at least one cold intake valve by a camless valve 
actuator. The method may further include controlling air 
through the exhaust heat exchanger and the source by at least 
one control valve to supply heated air via a hot intake 
manifold directly to at least one cylinder upon opening of the 
hot intake valve, and supplying air from the source to the 
cylinder via a cold intake manifold upon opening of the cold 
intake valve so as to supply air at a ?rst temperature to the 
engine for operation in SI mode and air at a second tem 
perature to the engine for operation in HCCI mode. 

[0028] For the method described above, for operation in SI 
mode, the method may further include closing the hot intake 
valve. For operation in HCCI mode, the method may further 
include closing the cold intake valve. Lastly, for transition 
from SI to HCCI mode and vice-versa, the method may 
further include adjusting valve timings of the cold and hot 
intake valves to obtain a required temperature for operation 
in SI or HCCI mode. 

[0029] Additional features, advantages, and embodiments 
of the invention may be set forth or apparent from consid 
eration of the folloWing detailed description, draWings, and 
claims. Moreover, it is to be understood that both the 
foregoing summary of the invention and the folloWing 
detailed description are exemplary and intended to provide 
further explanation Without limiting the scope of the inven 
tion as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

[0030] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
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incorporated in and constitute a part of this speci?cation, 
illustrate preferred embodiments of the invention and 
together With the detail description serve to explain the 
principles of the invention. In the drawings: 

[0031] FIG. 1 is a schematic diagram of a ?rst embodi 
ment of an intake and exhaust system according to the 
present invention, illustrating exhaust valve lifts in SI (solid 
lines) and HCCI (dashed lines) combustion modes; 

[0032] FIG. 2 is a schematic diagram of the relationship 
betWeen intake valve closing (IVC) timing and engine 
geometric compression ratio (Later IVC corresponds to 
longer intake cam event length); 

[0033] FIG. 3 is a schematic diagram of the relationship 
betWeen valve overlap, engine compression ratio, and intake 
air temperature; 

[0034] FIG. 4 is a schematic diagram of a second embodi 
ment of the present invention of intake and exhaust valve lift 
curves in HCCI mode With negative valve overlap; 

[0035] FIGS. 5(a)-5(c) are a diagram of cam pro?le 
sWitching, valve lift curves, and table for valve timings, 
respectively, for the second embodiment of the present 
invention; 

[0036] FIGS. 6(a)-6(c) are schematic diagrams of the 
hot/cold air throttles for the second embodiment and the 
mode transition steps from SI to HCCI; 

[0037] FIGS. 7(a)-7(b) are schematic diagrams of the 
hot/cold air throttles for the second embodiment and the 
mode transition steps from HCCI to SI; 

[0038] FIGS. 8(a)-8(c) are a diagram of a third embodi 
ment of the present invention for cam pro?le sWitching, 
valve lift curves, and table for valve timings, respectively; 

[0039] FIGS. 9(a)-9(LD are schematic diagrams of the 
hot/cold air throttles for the third embodiment and the mode 
transition steps from SI to HCCI; 

[0040] FIGS. 10(a)-10(a') are schematic diagrams of the 
hot/cold air throttles for the third embodiment and the mode 
transition steps from HCCI to SI; 

[0041] FIG. 11 is a schematic diagram of a related-art 
system for controlling the homogeneity of an air/fuel mix 
ture by using a three-Way valve to mix fresh intake air With 
preheated air from both a coolant/air and exhaust/air heat 
exchanger before introduction into the engine; 

[0042] FIG. 12 is a schematic diagram of a system accord 
ing to a fourth embodiment of the present invention for 
controlling the homogeneity of an air/fuel mixture; 

[0043] FIG. 13 is a schematic diagram of a linear oscil 
lator for camless valve actuation according to the fourth 
embodiment of the present invention; 

[0044] FIG. 14 is a schematic diagram of a lever oscillator 
for camless valve actuation according to the fourth embodi 
ment of the present invention; 

[0045] FIGS. 15(a)-15(a') are schematic diagrams of 
exemplary valve timing selections according to the fourth 
embodiment of the present invention; and 

[0046] FIG. 16 is a combustion mode sWitching ?oWchart 
according to the fourth embodiment of the present invention. 
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DETAILED DESCRIPTION 

[0047] Referring noW to the draWings Wherein like refer 
ence numerals designate corresponding parts throughout the 
several vieWs, FIGS. 1-16 illustrate components and sche 
matic diagrams for an intake/exhaust system according to 
the present invention, generally designated 10. 

[0048] Referring to FIGS. 1-3, a ?rst embodiment of 
intake/exhaust system 10 is disclosed. For the embodiment 
of FIGS. 1-3, generally, there is described an HCCI-SI 
dual-mode engine system With a geometric compression 
ratio of approximately 15:1, Which is higher than those of 
conventional SI engines. In order to operate an engine in 
both HCCI and SI modes, to achieve HCCI-SI combustion 
mode transition, and to operate an engine at high load (~10 
bar BMEP), the proposed engine system according to the 
present invention has the folloWing features discussed herein 
in reference to FIGS. 1-3. 

[0049] As illustrated in FIG. 1, there are disclosed pro 
posed engine intake and exhaust valve timings and lifts 
according to the present invention. The valve lift pro?les 
illustrated in FIG. 1 alloW the use of cam pro?le sWitching 
as one of the major means to change the combustion mode 
betWeen HCCI and SI by alloWing the use of high engine 
geometric compression ratio. In the embodiments discussed 
herein, the cam pro?le sWitching devices may for example 
be a sWitching device such as a “roller-roller tWo-step ?nger 
folloWer.” The valve lift pro?les illustrated in FIG. 1 also 
improve the performance of an engine in both HCCI and SI 
modes. The valve timings illustrated in FIG. 2 and lifts 
illustrated in FIG. 1 have the characteristics discussed 
beloW, Which are different from typical engines, including 
currently available HCCI engines. 

[0050] In SI mode, as illustrated in FIG. 1, exhaust valve 
lift curve 12 may be ?xed and be similar to that of a 
conventional SI engine. The intake cam event length may 
also be ?xed, but is extended to about 280 to 320 cad for the 
present invention, (for a conventional SI engine, intake 
event length is approximately 240 cad). With the ?xed intake 
cam event length of about 280 to 320 cad, the intake valve 
close time may be retarded to a ?xed crank angle position, 
at 90 to 120 cad after bottom dead center (BDC), (for a 
conventional SI engine, intake valve close time is generally 
50 to 70 cad after BDC). 

[0051] For FIG. 1, solid lines 12, 14 respectively repre 
sent exhaust and intake valve lifts in SI combustion mode 
and dashed lines 13, 15 respectively represent exhaust and 
intake valve lifts in HCCI combustion mode. According to 
the proposed valve timings and lifts for the present inven 
tion, since the dashed lines for the HCCI combustion mode 
in Fig. I are under the solid lines for the SI combustion 
mode, cam pro?le sWitching may be used as discussed 
beloW. 

[0052] As illustrated in FIG. 2, the design of the intake 
valve close time and the intake cam event length depends on 
the geometric compression ratio of the engine. It should be 
noted that the purpose of retarding the intake valve closing 
time is to reduce the effective compression ratio of the 
engine to avoid knocking in SI mode, not to control the 
autoignition event. 

[0053] According to the present invention, a cam pro?le 
may be designed such that an engine preferably operates in 














