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ABSTRACT

For the 2005 model year LEGEND, a compact lightweight muffler valve with new construction was devel oped for the variable flow rate
muffler.

A conventional muffler valve rotates about a shaft. A load is applied to the rotating shaft by a coil spring. For this reason many parts are
required for the valve to open and close. The body of the muffler valve traditionally coversthe entire valve operating range, resulting in the
valve being large and heavy.

As amethod of reducing the number of parts and the weight of the valve, this development employed the mechanism of the reed vave.
A reed valve is used in 2-cycle motorcycle engines to control the intake air volume at the intake port. The addition of a support plate to the
reed valve structure was investigated to suppress valve vibration and to apply a pre-load.

The number of partsin the newly developed muffler valve was reduced from 13 parts in the conventional valve to four parts. Both the
weight and volume were reduced to about 1/10. This enabled the cost to be reduced to about 1/7 of atraditional exhaust valve.

1. Introduction Muffler valve Pipe A

Resonance room

To achieve sound levels and engine power appropriate for the
Honda LEGEND (Honda' s flagship vehicle), anew variable flow
rate muffler was adopted in the exhaust system.

In the variable flow rate muffler, amuffler valve was established
to switch exhaust gas passage between the low engine speed and
high engine speed ranges. In the low engine speed range, priority Exhaust gas in
was given to silencing noise by increasing exhaust resistance. In
the high engine speed range, it was possible to raise power by
reducing exhaust resistance.

The flow of exhaust gas at low engine speeds with the variable Pipe B
flow rate muffler is shownin Fig. 1. Fig. 1 Exhaust gas flow when muffler valve is closed
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Fig. 2 Exhaust gas flow when muffler valve is opened

At low engine speeds the pressure inside the muffler islow, so
the muffler valveisclosed. When the valveis closed, exhaust gases
are emitted without passing through pipe B. With the valve closed,
the muffler valve room acts as a resonance room to silence noise.

The flow of exhaust gas at high engine speeds with the variable
flow rate muffler is shown in Fig. 2.

At high engine speeds, the pressure inside the muffler rises. This
causes the muffler valve to open. When the valve opens, exhaust
gas passes through pipe B. The chamber that acted asthe resonance
room at low engine speeds now becomes part of the exhaust gas
passage. This reduces exhaust resistance (backpressure).

The variable flow rate muffler uses a valve that switches the
path of exhaust gas. The conventional muffler valve hastraditionally
been heavy and costly.

This paper reports on achievementsin reducing weight and cost
of mufflers by reducing the total part count of the exhaust valve
assembly.

2. Development Goals

Figure 3 shows the operational states of a conventional muffler
valve at high and low engine speeds.

In order to switch the exhaust gas passage with a conventional
muffler valve, ashaft is established at the edge of aplate (referred
to asthe valve, hereafter). The valve rotates around this shaft.

When theengineisat low speeds, aload in the opposite direction
to the exhaust gas flow (referred to as the pre-load hereafter) is
applied on the shaft viaa coil spring. The exhaust gas passage is
closed in valve A position. At high engine speeds, a pressure
exceeding the pre-load is applied. This pressure causes the valve
to rotate about its shaft, and opensto valve B position. Exhaust gas
flows inside the muffler valve body, reducing exhaust gas
resistance.

A stopper function is added to the muffler valve so that valve
opening is restricted during high engine speeds. This means that
when it comes into contact with pipe A, the valve will not open
any further (Fig. 4).

Conventional muffler valve component parts are shown in
Fig. 5.
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Fig. 3 Operation principle of conventional muffler valve
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Fig. 5 Structure of conventional muffler valve
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A rotational shaft is at the edge of the valve, and bearings are
fitted on both ends of the rotational shaft. For installation purposes,
plates are placed at both ends of the coil spring.

The shaft, bearings and the coil spring holding plates are fitted
to the upper body and lower body. The upper and lower bodies
cover the valve operating range. When the valve is open the upper
and lower bodies form the exhaust gas passage way.

A conventional muffler valve has a more complex structure.
The following three structural issues can be assumed with the use
of a conventional muffler valve.

» Because the structure rotates around a shaft, the necessity for
valves, shafts, and bearings is inevitable. Thisincreases the
number of parts.

¢ Because acoil spring is used, spring bearings are necessary.
This also increases the number of parts.

« Because the entire valve operation range is covered by the
muffler valve body, the unit becomes large and heavy.

The goal of this development project was to reduce the number
of component parts. Thisis accomplished by creating a structure
in which the valve itself opens and closes without any rotational
shaft or coil spring. Additionally, the body does not cover thevalve
operation range. This makes the unit smaller.

3. Technologies Adopted

In order to address the issues raised in the previous section, a
reed valve was chosen. Reed valves are used in 2-cycle motorcycle
engines to control intake air volume at the intake port. This makes
it possible to reduce the number of component parts.

Figure 6 showsthe operation principlesfor thisnewly developed
muffler valve.

In this structure a thin plate flexes open and closed. This controls
the exhaust gas passage.

A conventional valve structure has aplate of 1.5 mm thickness
that opens and closes on arotational shaft. This has been replaced
by athin 0.2 mm thick plate. The function of the rotational shaft
and the valve isintegrated into the thin plate.

Two issues arise when the valveisto be replaced by athin plate.
Thefirst issue is valve resonance. The other issueis that the pre-
load typically applied by the conventional coil spring, cannot be
applied.

To address these two issues, another thin plate acting asaspring
(referred to asthe support plate heresfter) has been placed in contact
with the valve.

At low engine speeds the support plate is in support plate C
position. A pre-load is applied to the valve at valve D position.
This load closes the valve, and consequently the exhaust gas
passage.

When the engine speed is high, pressure exceeding the pre-load
is applied to the valve. This causes the valve unit to flex open to
valve F position. The support plate slides on top of the valve to
position E whileflexing. With the valvein this position, the exhaust
gas flows outside the muffler valve body.

Figure 7 shows the muffler valve structure.

Support plate C position (low engine speed zone)

Stopper

g "_'

Valve D position (low engine speed zone)

Support plate E position (high engine speed zone)

Valve F position (high engine speed zone)

Fig. 6 Operation principle of developed muffler valve
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Fig. 7 Structure of developed muffler valve
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A stopper has been added so that stress on the fixed ends does
not exceed the material fatigue limit when the valve and support
plate are fully open. The stopper limits the valve and support plate
operation. At the same time, the stopper holds one side of the valve
and the support plate.

Inconel material was used for the valve plate and the support
plate. Thiswas done so that both parts would have the same level
of heat and corrosion resistance as that of the conventional coil
spring.

Figure 8 showsafunctional part comparison of the conventional
muffler valve and the newly developed one.

Compared to the conventional muffler valve, the pre-load
function was reduced from three parts to one. The rotational shaft
function was reduced from six parts to one. The stopper function
was reduced from two parts to one, and the exhaust gas passage
was modified from two parts to one. The number of parts was
reduced for each function.

Function |Conventional muffler valve| Developed muffler valve

Preset
load

Shaft

Stopper

Exhaust
o |
passage \/

Fig. 9 Size comparison of conventional and
developed muffler valve

Table 1  Specification comparison of conventional and
developed muffler valves

Conventional Developed
muffler valve muffler valve

Wt (kg) 1.34 0.12

Number of 13 4
parts
Volume 142108 0.08 x 108
(mm?)

A size comparison between the conventional and newly
developed muffler valvesis shown in Fig. 9.
Table 1 shows a comparison of the main specifications for the
conventional and developed muffler valves.
The new structure has the following advantages over the
conventional structure.
e The number of parts has been reduced from thirteen to four.
* Weight and volume has been reduced to approximately one
tenth that of conventional unit.
» Due to the reduction in part number and size, cost has also
been reduced to approximately one-seventh of the
conventional unit.

4. Effects on the Vehicle
The benefits of the variable flow rate muffler were verified on
an actual vehicle with the valve forced open and forced closed.
The exhaust noise results are shown in Fig. 10, and backpressure
results are shown in Fig. 11.
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Backpressure expresses exhaust gas resistance in terms of
pressure inside the pipe.

Figure 10 shows the exhaust noise C weighted value dB-C
measurement results from 1000 to 3500 rpm. Compared to thevalve
in aforcibly closed state, this newly developed variable flow rate
muffler has the same noise silencing performance. It is clear that
exhaust pulse noise level is equivalent. The exhaust noise A
weighted value dB-A is aso shown. In the 3800 rpm range and
higher, the flow noise is clearly reduced by opening the muffler
vave when compared to the state when the valveisforcibly closed.

In general, exhaust noise at 4000 rpm and higher is dominated
by flow noise emitted from the tailpipe. If flow speed isincreased
then flow noise a so increases. At engine speeds of 4000 rpm and
higher if the exhaust gas flow path increases then flow noise is
reduced.

Backpressure measurement results are show in Fig. 11. The
valve begins to open at engine speeds of 3000 rpm and higher.
This causes a reduction in backpressure of the newly developed
variable flow rate muffler. The same muffler with the valve forced
closed is shown for comparison. At engine speeds of 4200 rpm
and higher, the backpressure performance is equivalent to when
thevalveisforcibly open.

It becomes clear that by adopting the variable flow rate muffler,
it is possible to maintain alow exhaust pulse noise level. At the
same time flow noise and backpressure at high engine speeds are
reduced.

5. Conclusion

1. Adopting the newly developed muffler valve in the variable
flow rate muffler for the 2005 model year LEGEND has many
benefits. Both exhaust sound level and engine power appropriate
for Honda' s flagship vehicle has been achieved. This has been
accomplished with low weight and low cost.

2. Thevariable flow rate muffler developed in this project hasthe
same level of noise silencing performance between 1000 and
3000 rpm with the muffler valve closed, compared to when the
valveisforcibly closed. At speeds of 3800 rpm and higher, by
opening the muffler valve, it is possible to reduce flow noise.
At 4200 rpm and higher, the newly developed muffler has the
same backpressure performance, compared to when the valve
isforcibly open.

3. In comparison with the conventional unit, the newly developed
muffler valve has nine fewer parts, reduced from thirteen to
four total. Weight and volume are approximately one-tenth of
the conventional. Cost has also been reduced to approximately
one-seventh, thanks to the reduction in the number of parts and
thereductionin size.
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