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[57'] ABSTRACT 
A two-stroke multiple cylinder engine includes a pair 
of exhaust chambers having a common control wall 
and each of which is connected between a corre 
sponding plurality of selected cylinders and a common 
exhaust passageway. The connection between each of 
the chambers and the passageway is de?ned by a tun 
ing section which is constructed of a suf?cientlength 
and con?guration to generate a negative pressure 

.pulse to aid scavenging and re?ected positive pulses 
‘from the ?red cylinder. In addition, the next ?red cyl 
inder of each group establishes super-charging of the 
engine. The common wall between the two tuned pas 
sageways is provided with a transfer port for transfer 
ring of a positive pressure signal from the one passage~ 
way into the opposite passageway which travels back 
toward the engine to provide a further positive super 
charging pulse to the opposite exhaust chamber. The 
feedback pressure wave can be applied with particular 
advantage to four and ‘two cylinder engines. 

8 Claims, 2 Drawing Figures 
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EXHAUST TUNING SYSTEM FOR TWO-STROKE 
ENGINES 

BACKGROUND OF THE INVENTION 

This invention relates to cross-charged, two-stroke 
engines having tuned exhaust systems. 

In two-stroke engines, the fuel charge may be intro 
duced into the cylinder through inlet ports in the cylin 
der side wall, with the combusted charge discharged 
through exhaust ports in the opposite side of the cylin 
der. The ports are opened and closed by the piston. The 
two-stroke engine has a relatively short period in which 
to introduce the new fuel charge. As a result, efficient 
removal or scavanging of the combusted gases and in 
troduction of the new charge is required, particularly 
for high speed engines such as employed in outboard 
motors and the like. 

In two-stroke engines particularly for outboard mo 
tors and the like, exhaust tuning to improve the fuel 
scavenging and charging has recently been a fast devel 
oping technology. Tuned exhaust systems generally 
produce a negative pressure pulse at the exhaust port 
to aid in the scavenging of the burnt fuel mixture from 
the cylinder. 
A highly satisfactory exhaust tuning system is clearly 

disclosed in the copending application of Richard A. 
Lanpheer which was ?led on Aug. 27, 1971, with Ser. 
No. 175,651 and which is assigned to the same assignee 
as this application. 

In the latter system, the positive pressure pulse from 
the exhaust of another ?red cylinder in combination 
with a re?ected positive pressure pulse from the ex 
haust of the cylinder being scavenged provides for su 
per-charging of the cylinders in a six-cylinder outboard 
internal-combustion engine. Thus, the positive re 
?ected positive pressure pulse is timed to raise the pres 
sure at the exhaust ports at just the right moment to ter 
minate the scavenging and positively force the fuel air 
mixture back into the cylinder to produce super 

charging. The super-charging thus prevents the possi 
bility of over-scavenging wherein part of the fresh fuel 
air mixture is pulled from the cylinder and passed out 
with the exhaust and further increases the total charge 
within the cylinder. Various other systems have also 
been suggested in the art. For example, a pair of ex 
haust tubes terminating in a closed megaphone con 
struction have been suggested to cause the pressure 
wave from one channel to move backwardly into the 
opposite channel, as a result of carefully shaped pas 
sageways within the exhaust system. 
The present tuned exhaust systems have provided sig 

ni?cant increases in the horsepower of the engine. 

SUMMARY OF THE PRESENT INVENTION 

The present invention is particularly directed to a 
multiple cylinder engine with an improved tuned ex 
haust system providing super-charging of the engine 
and of particularly the individual cylinders over a rela— 
tively wide operating range. 

In accordance with the present invention, the cylin 
ders are divided into equal banks of alternate firing 
units provided with separate tuned exhaust passage 
ways to permit the generaion of negative and positive 
tuned pulses. Intermediate the length of the two ex 
haust passageways a transfer passageway means is pro 
vided and transmits the positive pressure pulse from an 
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2 
exhausting cylinder or cylinders to the opposite chan 
nel and thereby creates a further positive pressure 
pulse at the appropriate cylinder in the opposite bank. 
The individual tuned exhaust passageways may have a 
common dividing wall means with the transfer passage 
way de?ned by an appropriately located opening within 
the length of the wall means. Thus, the exhaust pas 
sageways function as wave guide members for the pres 
sure pulses and permit the selection of a positive pres 
sure signal at an appropriate point along the length 
thereof such that it will be transmitted into and back 
through the opposite exhaust passageway after an ap 
propriate time to effect further desired super-charging 
phenomena, by effectively forcing the fresh fuel mix 
ture back into the exhausting cylinder and particularly 
through the exhaust ports so as to super-charge the cyl 
inder. This system can be employed with the six 
cylinder system such as shown in the previously re 
ferred to application but can also advantageously be 
applied to any other form of two-stroke engine includ 
ing two and four cylinder engines wherein the cylinders 
can be divided into appropriate banks with an opening 
provided in an appropriate position to provide a prede 
termined or the necessary predetermined time delay or 
path for the pressure wave movement. 
This provides a very simple and effective means for 

transmitting of the positive tuning pulse from one chan 
nel to the other without the necessityfor forming care 
fully shaped passageways and the like. _ 
The present invention thus provides a simple and in 

expensive construction for signi?cantly improving the 
construction of a two-cycle internal-combustion engine 
particularly for outboard motors and the like. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawings furnished herewith illustrate a pre 
ferred construction of the present invention in which 
the above advantages and features are clearly disclosed 
as well as others which will be readily understood from 
the following description of the illustrated embodi 
ment. 

In the drawings: 
FIG. 1 is an elevational view, partly'in section, of a 

six-cylinder outboard motor employing a six-cylinder 
engine utilizing a tuned exhaust system constructed in 
accordance with the‘ present invention; and 
FIG. 2 is a similar elevational view of an outboard 

motor employing a four-cylinder engine similarly con 
structed. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

Referring to the drawing and particularly to FIG. 1, 
an outboard motor 1 is illustrated including a two 
stroke, six-cylinder engine 2 supported upon the upper 
end of a drive shaft housing 3, with a tuned exhaust sys 
tem generally in accordance with the teaching of the 
previously referred to application and further revised 
to incorporate the additional teaching of the present 
invention. Thus, the outboard motor 1 includes an ex 
haust extension plate 4 interposed between the lower 
end of the engine and an upper drive shaft housing 
plate 5 on the upper end of the drive shaft housing 3, 
with suitable interconnecting studs extending down 
wardly from the engine 2 with appropriate openings in 
the members rigidly interconnecting the assembly. Fur 
ther as disclosed in the referred to application, the ex 
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tension 4 can be separately interconnected to the en 
gine through many suitable bolt means or the like to ?x 
the exhaust extension plate to the engine. 
The illustrated engine is a six-cylinder employing six 

horizontally disposed cylinders 6 in a vertical in-line ar 
rangement and forming a cylinder block. Each of the 
six cylinders is provided with a corresponding plurality 
of three exhaust ports 8 also disposed in vertical align 
ment with each other. The engine block 7 is formed 
with a common exhaust cavity to the one side of the 
several cylinders 6 and particularly to that side includ 
ing the exhaust ports 8. A water jacket cover 9 is bolted 
or otherwise secured to the sidewall of block 7 with ap 
propriate openings aligned with the exhaust ports to de 
?ne an exhaust chamber. The water jacket 9 includes 
an outwardly projecting dividing wall or ridge 10 which 
extends into the exhaust cavity in the cylinder block of 
the engine. The ridge MB is con?gured as a serpentine 
element to loop about the alternate grouped exhaust 
passageways 8 for the several cylinders and thereby lo 
cate the adjacent groups to the opposite sides of the 
ridge and de?ne a pair of exhaust passageways. An 
outer exhaust manifold baffle plate 11 is secured in 
overlying relationship to the water jacket cover MB and 
includes an internal ridge or mating surface aligned 
with the ridge l0 such that in the assembled relation 
two distinct separate and common exhaust-passage 
ways 12 and B3 are provided to the opposite sides of 
the ridgellf}. ' 

The one common exhaust chamber l2 communicates 
with the related exhaust ports 8 of the first, third and 
?fth cylinders 6 while the oppositely located common 
exhaust chamber l3 communicates with the exhaust 
ports 8 of the second, fourth and sixth cylinders 6 as a 
result of the serpentine construction of the ridge. 
The exhaust chambers 12 and T3 are connected to 

I separate tuned exhaust passageways M‘ and 15 extend 
ing downwardly from the engine 2 and in the illustrated 
embodiment, through a common exhaust tube 16 in the 
lower unit. The exhaust tube 16 is supported within the 
lower drive shaft housing 3 to de?ne a common trans 
fer passageway of the exhaust gases from the respective 
exhaust passageways M and i5 downwardly and out 
wardly through an annular passage in the propeller unit 
within the water. 
The passageways l4 and 15 which interconnect the 

exhaust chambers 12 and 13 to the common unit are 
especially constructed with diverging walls in the ex 
haust extension plate 4 and housing 3 to produce 
proper tuning of the individual channels for establish 
ing negative and positive pressure signals. Thus, the 
passageway 15 as shown in FIG. I has slightly diverging 
walls permitting the expansion of the exhaust gases and 
development of a negative pressure pulse. The passage 
way M is similarly formed in the opposite plane. The 
passageway 15 associated with the second, fourth and 
sixth described cylinders in the illustrated embodiment 
of the invention extends downwardly slightly beyond 
the lowermost end of the ?rst exhaust megaphone or 
passageway 34 such that its distance with respect to the 
exhaust passageways corresponds to that of the ?rst 
system. Thus, each system will operate independently 
of the other and essentially in a similar manner. Further 
in addition to the negative pulses, a positive pulse 
charging is obtained as a result of reflection of a posi 
tive wave from the end of the passageways l4 and 15. 
Further, a subsequent exhausting port establishes a 
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4 
positive pressure which is also impressed on the ex 
haust ports of a charging cylinder, as more fully dis 
closed in the previously referred to application. As 
noted therein, such a system is highly desirable and is 
applicable to any engine having a common multiple 
three cylinders so as to produce a natural pulse tuning 
by having the cylinders ?red 120° apart, and thereby 
permitting production of a positive pulse at the appro 
priate time in the charging of a cylinder in a given bank. 

in accordance with the teaching of the present inven 
tion, the common wall 17 between the exhaust passage 
ways M and T5 is provided with a passageway or open 
ing 18 intermediate the length thereof and, as shown in 
FIG. l within the extension plate 4, properly located 
with respect to the cylinder banks to establish a desired 
transmission of a further positive pulse signal from the 
one exhaust channel into the opposite exhaust channel 
to further assist in the super-charging of a cylinder. 
Thus, when the exhaust ports are opened in any given 

bank, they generate a positive signal which is transmit 
ted through the exhaust system generally as a wave 
guide type transmission. When the pressure wave en 
counters the side wall opening 18, a portion of such 
pressure is transmitted through the opening and travels 
in an opposite direction in the opposite channel and 
thus produces a back pressure wave to the opposite 
bank of exhaust ports 8. By properly locating the open 
ing 18, the timing between the respective channels l2 
and 13 is selected such that the positive waves will be 
impressed upon the appropriate exhaust openings in 
synchronism with the positive pressure pulses devel 
oped by the separate channels. Thus, generally the ?r 
ing order of a six-cylinder engine may be the ?rst, 
fourth, ?fth, second, third and sixth cylinders. Thus, in 
the one bank the order will be ?rst, ?fth and third, 
while in the other bank it would be the fourth, second 
and sixth. Further, for a particular cylinder the exhaust 
ports will open about 97° after top dead center, with 
the intake or transfer port opening about 18° later. Bots 
tom dead center is reached about 65° after the intake 
or transfer ports open. In turn, the intake ports will 
close about 63° after bottom dead center with the ex 
haust port 8 closing about 18° thereafter. Top dead 
center is again reached about 99° after the exhaust 
ports 8 close. Thus, when the third cylinder 6 has ?red 
its intake or transfer port, not shown, and its exhaust 
ports 8 open to establish a positive output pulse in pas 
sageways 12 and 14 with the initial scavenging of the 

_ cylinder. The effect of the positive pressure pulse from 
this third cylinder is to super-charge the ?fth cylinder 
until the exhaust ports thereof close. in addition, the 
positive pressure pulse is transmitted through the ex 
haust chamber 12 and the tuned converging diverging 
passageway 14. In travelling down the passageway, the 
pressure pulse passes the opening 18 and a part of the 
pressure signal is transmitted into the opposite channel 
15 and is transmitted or ?ows backwardly through the 
opposite channel toward the opposite exhaust passage 
way 13 of the second, fourth and sixth cylinders. The 
opening is selected such that at the desired operating 
speed, the positive pressure pulse travels through the 
?rst channel 12 and 14 and backwardly through the 
second channel 15 and 13 to arrive at the exhaust port 
of a then charging cylinder 2 which has been com 
pletely scavenged and has a positive pressure signal for 
super-charging thereof. 
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The particular position of the opening 18 will, of 
course, be dependent upon the pressure wave velocity 
and the distance. Generally, the desired location can be 
readily determined through empirical processes by 10 
cating of the opening in various positions of any partic 
ular engine and operating the engine at the particular 
revolution or engine speed to which the system is to be 
tuned. The illustrated embodiment of FIG. 1 employs 
a common wall 17 within which the transfer means 18 
is provided. The exhaust system may of course be oth 
erwise formed. For example, completely separate and 
spaced passageway elements may be used with a sepa 
rate interconnecting passageway pipe joining appropri 
ately located pressure transfer taps on the elements. 

It has been found that the simple provision of the 
transfer passageway means between the two exhaust 
passageways results in a very signi?cant improvement 
in the horsepower output of the engine. Further, the 
present invention is not limited to an engine having 
multiples of three cylinders but can be applied to any 
even numbered cylinder engines which permit a divi 
sion of the cylinders into a pair of banks. Thus, the in 
vention may advantageously be applied to a four 
cylinder engine where the advantage of the positive 
pressure pulsing as disclosed in the above patent can 
not be introduced; for example, as shown in FIG. 2. 
Thus, in the embodiment of PK]. 2, the ?rst and third 

cylinders are interrelated and the second and the fourth 
cylinders are interrelated and each pair is common to 
one of a pair of exhaust chambers 19 and 20 intercon 
nected to suitable tuned passageways 2i and 22 to gen 
erate the desired re?ected scavenging pressure waves. 
The ?ring of the cylinders, however, will be readily rec 
ognized as such that the positive pulse generated in one 
cylinder of a pair will not provide a correspondingly 
properly timed pulse to super-charge the associated 
cylinder of the pair. However, the positive pulse signal 
which is transmitted via the tuned passageways 21 and 
22 can be transmitted via a small opening 23 into the 
opposite passageway and transmitted back to the op 
posed pair to provide the desired positive charging. 
The present invention thus provides a very simple 

and improved means for tuning the exhaust passage 
ways of internal-combustion engines and particularly 
those for outboard motor units and the like. 
Various modes of carrying out the invention are con 

templated as being within the scope of the following 
claims, particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention. 

We claim: _ 

1. An internaLcombustion engine including a plural 
ity of even numbered cylinders having exhaust ports for 
discharging of the ignited and burnt charge, at least a 
pair of individual exhaust passageway means connected 
to different cylinders and constructed to transmit the 
compressive pressure waves of the associated cylinders, 
comprising a transfer passageway means between said 
pair of exhaust passageway means spaced inwardly of 
said discharge ends of said passageway means and 
transferring of a compressive pressure wave in one pas 
sageway means to the opposite passageway means with 
said transferred compressive wave being transmitted to 
arrive at an exhaust port prior to the closing of the ex 
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haust port to thereby effect a super-charging of the lat 
ter cylinder. 

2. The internal-combustion engine of claim 1, 
wherein said passageway means having a common wall 
with said transfer opening formed in said common wall. 

3. The internal-combustion engine of claim 1, includ 
ing a drive shaft housing extending from one end of said 
engine and said exhaust passageway means extending 
through said housing with a common wall, said transfer 
opening being located within said common wall. 

4. The internal-combustion engine of claim 1, 
wherein said individual exhaust passageway means are 
constructed to effect a tuned exhaust for the corre 
sponding cylinders and generating a negative pressure 
signal for scavenging of the individual cylinders. 

5. The internal-combustion engine of claim 3, 
wherein the engine includes at least two sets of three 
cylinders with each set of three cylinders having the 
cylinders connected to the crankcase 120° apart, each 
of said exhaust passageway means including means to 
produce a negative pulse at the exhaust port of each of 
said cylinders due to the exhaust from the correspond 
ing ?red cylinder to aid the scavenging of the ?red cyl 
inder and further establishing a subsequent positive 
pulse due to the ?ring of the next of said cylinders to 
be supplied to said exhaust port of the ?rst ?red cylin 
der in conjunction with a correspondingly timed posi 
tive pulse produced by the pressure wave from the ex 
haust gases of the ?rst ?red cylinder passing beyond 
said negative pulse producing means to produce super 

, charging of the ?red cylinder. 
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6. The internal-combustion engine of claim 1, 
wherein said multiple cylinder engine includes at least 
four cylinders connected 90° apart to a crankshaft to 
form two pairs of cylinders connected 180° apart, each 
of said pairs of cylinders being connected to one of said 
individual exhaust passageway means, each of said ex 
haust passageway means including a negative pulse 
producing means to produce a negative scavenging 
pulse at the exhaust port of a ?red cylinder as the result 
of the exhaust from the ?red cylinder to aid in the scav 
enging of the ?red cylinder and subsequently a positive 
pulse produced by the same pressure wave of the ex 
haust gases of the ?red cylinder as the result of passing 
beyond said negative pulse producing means and pro 
ducing a means for super-charging of the ?red cylinder 
in addition to the positive pulse received from the op 
posite passageway means. 

7. The engine of claim 1, wherein said engine is se 
cured to a drive shaft housing forming a part of an out 
board motor, said drive shaft housing extending down 
wardly from said engine and said exhaust means ex 
tending throughout the said housing, said exhaust 
means being formed by interconnected cast members 
having an integral thin cast wall separating the two ex 
haust passageway means, said transfer passageway 
means constituting an opening in the cast wall. 

8. The engine of claim 1 includes at least four in-line, 
vertically stacked cylinders with exhaust chambers 
coupling every other cylinder to each other and form 
ing the upper end of the individual exhaust passageway 
means. 

* * * * * 


