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(57) ABSTRACT 

A system for purifying exhaust gas generated by an internal 
combustion engine including a bypass branching out from 
the exhaust pipe downstream of a catalyst and merging to the 
exhaust pipe, an adsorber installed in the bypass, a bypass 
valve member Which closes the bypass, and an EGR conduit 
connected to the bypass at one end and connected to the air 
intake system for recirculating the exhaust gas to the air 
intake system. The bypass valve member is opened for a 
period after engine startup to introduce the exhaust gas such 
that the adsorber installed in the bypass adsorbs the unburnt 
HC component in the exhaust gas. The adsorber adsorbs the 
HC component When the exhaust temperature rises and the 
adsorbed component is recirculated to the air intake system 
through the EGR conduit. 1n the system, the bypass valve is 
provided at or close to the branching point in the exhaust 
pipe and a chamber is provided close to the branching point 
such that the conduit is connected to the bypass at the one 
end in the chamber. The bypass valve member is combined 
With an exhaust pipe valve member as a combination valve 
such that When the bypass valve member closes the bypass, 
the exhaust pipe valve member opens the exhaust pipe. With 
the arrangement, the system can effectively prevent the 
exhaust pipe from being clogged even When a valve for clos 
ing a bypass is stuck in the closed position. At the same time, 
the system can provide a relatively short EGR conduit for 
recirculating unburnt HC component adsorbed from the 
adsorber and the adsorption and desorption are conducted 
optimally. 

11 Claims, 17 Drawing Sheets 
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Fl6‘.6 
From engine starting and low temperature (HC adsorption made) 

FIG. 7 
Normal temperature and without EGR (HC trapping mode) 

F/6.8 
Normal temperature and with EGR (HC purging mode) 

' ' HC Adsarber 
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EXHAUST GAS PURIFICATION SYSTEM OF 
INTERNAL COMBUSTION ENGINE 

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

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an exhaust gas puri?cation sys 
tem of an internal combustion engine for removing an 
unburnt HC component from the exhaust gas. 

2. Description of the Related Art 
Internal combustion engines are ordinarily provided with 

a catalyst (a three-way catalytic converter) in the exhaust 
system which removes HC, NOx and CO components in the 
exhaust gas generated by the engine. However, when the 
engine is cold started, for example, and the catalyst is not 
activated, an unburnt HC component is immediately 
exhausted to the atmosphere. 

For that reason, there is proposed an exhaust gas puri?ca 
tion system in Japanese Laid-Open Patent Application Hei 
4(1992)-17,710. In the system, the exhaust pipe 5 is 
branched out at a location downstream of the catalysts 6, 7. 
The bypass 9 is provided with an adsorber 10 made of active 
carbon or activated charcoal and carried on two beds. The 
bypass is again merged to the exhaust pipe 5 downstream of 
the adsorber. An Exhaust Gas Recirculation (EGR) conduit 
15 is connected before the merging point where the bypass 9 
is located such that an unburnt HC component, when 
adsorbed, is recirculated to the engine intake system through 
the EGR conduit 15. A valve 14 is provided in the bypass 9 
downstream thereof to open or close the bypass 9. Moreover, 
another valve 13 is provided in the exhaust pipe 5 to close 
the same so as to lead the exhaust gas to ?ow into the bypass 
9. Japanese Laid-Open Patent Applications Hei 5 (1993) 
171,929 and Hei 6 (1994)-101,461 disclose similar systems. 

In the prior art system (described in 4-17,710), if the 
bypass valve 14 sticks in the closed position when the 
exhaust pipe valve 13 closes the exhaust pipe 5, the exhaust 
system becomes clogged thus rendering the engine to stall. 
Moreover, since the bypass 9 is connected with the EGR 
conduit 15 downstream of the adsorber 10, the bypass valve 
14 is indispensable and can not be omitted. Therefore, the 
system requires that both the exhaust pipe valve 13 and the 
bypass valve 14 are provided separately and independently 
of each other. In the prior art system, without the bypass 
valve 14, the unburnt HC component adsorbed will not ?ow 
to the EGR conduit 15, but ?ow to the exhaust pipe 5 and to 
the atmosphere. 

The bypass valve 14 and the exhaust pipe valve 13 is 
subjected to the hot exhaust gas and should accordingly have 
the property of being heatproof. The provision of such a kind 
of valve is highly disadvantageous in terms not only of 
manufacturing cost but also of durability and reliability of 
the exhaust system. Furthermore, as mentioned above, the 
separate provision of the valves will increase the probability 
that the exhaust pipe becomes clogged. 

Furthermore, since the bypass is connected with the EGR 
conduit 15 downstream of the adsorber 10, the EGR conduit 
may be long, depending on the engine layout. In an ordinary 
vehicle, the engine is usually mounted at its front and the 
engine exhaust system including a catalyst extends toward 
the rear of the vehicle under the ?oor structure. The distance 
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2 
between the connection point of the bypass with the EGR 
conduit and the engine increases as the connection point is 
situated closer to the rear of the vehicle. 

Similar disadvantages are found in the other prior art sys 
tems (disclosed in 5-171,929 and 6-101,461). 

SUMMARY OF THE INVENTION 

An object of the invention is therefore to provide an 
exhaust gas puri?cation system of an internal combustion 
engine having an adsorber for adsorbing the unburnt HC 
component in the exhaust gas generated by the engine, 
which can solve the drawbacks in the prior art systems, and 
which can effectively prevent the exhaust pipe from becom 
ing clogged even if a valve for closing a bypass is stuck in 
the closed position. 
A second object of the invention is therefore to provide an 

exhaust gas puri?cation system of an internal combustion 
engine having an adsorber for adsorbing the unburnt HC 
component in the exhaust gas generated by the engine, 
which can provide a relatively short EGR conduit for recir 
culating an unburnt HC component adsorbed from the 
adsorber. 

A third object of the invention is to provide an exhaust gas 
puri?cation system of an internal combustion engine having 
an adsorber for adsorbing the unburnt HC component in the 
exhaust gas generated by the engine, in which adsorption 
and desorption are conducted optimally. 

This invention achieves this object by providing a system 
for purifying exhaust gas generated by an internal combus 
tion engine having an air intake system and an exhaust sys 
tem which includes an exhaust pipe extending from an 
exhaust manifold of the engine and a catalyst installed in the 
exhaust pipe, the exhaust system exhausting gas generated 
by the engine to the atmosphere, including a bypass branch 
ing out from the exhaust pipe at a location downstream of the 
catalyst and merging to the exhaust pipe downstream of the 
branching point, an adsorber installed in the bypass, a valve 
means which closes the bypass, a conduit connected to the 
bypass at one end and connected to the air intake system for 
recirculating the exhaust gas to the air intake system, valve 
control means which opens the valve means for a period 
since starting of the engine to introduce the exhaust gas to 
the bypass such that the adsorber installed in the bypass 
adsorbs the unburnt component in the exhaust gas and an 
EGR control means which causes the exhaust gas introduced 
in the bypass to be recirculated to the air intake system 
through the conduit. In the system it is con?gured such that 
the valve means is provided at or close to the branching point 
in the exhaust pipe and a chamber is provided close to the 
branching point such that the conduit is connected to the 
bypass at the one end in the chamber. 

BRIEF EXPLANATION OF THE DRAWINGS 

These and other objects and advantages of the invention 
will be more apparent from the following description and 
drawings, in which: 

FIG. 1 is an overall schematic view showing an exhaust 
gas puri?cation system of an internal combustion engine 
according to the present invention having catalysts and an 
adsorber which adsorbs the unburnt HC component 
exhausted by the engine; 

FIG. 2 is a cross-sectional view taken along the line Hill 
in FIG. 1; 

FIG. 3 is a block diagram showing the details of an elec 
tronic control unit (ECU) illustrated in FIG. 1; 






















