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ABSTRACT

The flexible joint absorbing vibration of exhaust
system generally obtains an interlock, since this
works as a heat guard and prevents a potential
displacement of the flexible joint. The interlock
sometimes generates rustle noise owing to the
interference construction, and this noise may cause
a problem to a development of a vehicle.

In this paper, we suggest to listen to the vibration
signal of the interlock, because it is hard to analyze
rustle noise by a measured acoustic signal from the
view point of the signal to noise ratio. We also
propose the analysis method using a short time FFT
(Fast Fourier Transform) and a color contour map in
order to visually check such vibration.

With this proposed method, the noise generating
mechanism and the cause are quantitatively clarified,
and the precautions on the design are clearly shown.
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Table 1 Noise features and generating modes

Type of noise Features Generating modes
. « Very low engine rotation
. « Generation before use
Rustle noise G tion by tapping flexible ioint (around 500 rpm )
before use eneration by fapping flexible jomn « Clutch engagement when starting in

« Light rustle noise . .
manual transmission vehicle

TYPE 1 « The same noise generation as the - Very l(;W Zgglne rotation
Deterioration one before use, after several days (around 500 rpm ) o
.  Clutch engagement when starting in
. at the early stage running mel _
Rustle noise manual transmission vehicle
after use « Deceleration, or engine racing
TYPE 2 « Generation at high engine rotation '
o : gh eng (4000 ~ 6000rpm)
Deterioration  Loud noise level . ) . ’
. . * Loud noise generation especially in
by input forces « Easy recognition by users . .
manual transmission vehicle
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Listening rustle
noise itself

Compare with the noise
for the listening test

Vibration
measurement of
each component
D/ Time domain analysis
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Speaker

Fig.2 Method of noise analysis
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Fig.3 Vibration acceleration level (V.A.L.) of the
interlock when generating rustle noise
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Fig.4

Frequency [kHz]

Ignition

Fig.5 Interlock vibration in rustle noise domain
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Fig.6 Vibration acceleration level (V.A.L.) in case
of the unconstrained interlock
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Fig.7 Vibration acceleration level (V.A.L.) in case
of the constrained interlock
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Fig.9 The relation between the input force level
and the vibration acceleration level (V.A.L.)
of basic engine order harmonics in the
interlock
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Table 2 Play coefficient (newly defined)

Flexible joint type Play coefficient
Type -Al 0.4
Type -B1 0.7
Type -A2 1.1
Type -C 1.3
Type -B2 1.6
V.A.L. in high frequency 5.0G

[ (generation domain of rustle noise)
10dB

Calculating high frequency vibration level
(generation domain of noise) in actual cars by
substituting basic engine order harmonics of
actual cars into the characteristic line
obtained by excitation tests

I I
V.A.L. of basic engine order 10dB

harmonics in the Interlock

Excitation
| input
0.5G

1.0G

Fig.10 The relation between basic engine order
harmonics in the interlock and high
frequency vibrations (generation domain
of rustle noise) in the one at the
excitation of the exhaust pipe
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V.A.L. in high frequency
(generation domain of rustle noise)

10d BI

V.A.L. of basic engine
order harmonics in the
interlock of actual cars

AN

V.A.L. of basic engine order 10dB

harmonics in the Interlock

Fig.11 Vibration acceleration level (V.A.L.) in
rustle noise generation, corresponding to
the level in actual cars,calculated by the
result of excitation tests
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Fig.12 The relation between play coefficient and
vibration acceleration level (V.A.L.) in
rustle noise
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Fig.13 The drawing of the interlock

9.7

Large clearance

Fig.14 The interlock generating rustle noise at the
early stage

Fig.15 The same interlock before use as the one
in Fig.14
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Interlock and
innerbraid

« Compression displacement : 4.0 mm
» Heating temperature : 850°C
« Heating time : 8 hours

Fig.16 Testing method

When compression displacement

— reaches 4.0mm, elasticity

; transformation changes to plasticity
8 transformation
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Fig.17 The relation between compression
displacement and load
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<Before heating : non generation of the rustle noise> Engaging condition of interlock
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Stick of interlock after engagement
< Harden >
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] ] ] ) Generation of severe rustle noise
Fig.18 A section of the interlock before heating at high engine speed

and compression test 0 Only manual transmission vehicle

generates the noise.

<After heating : generation of the rustle noise>

Fig.21 Analysis approach
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Clearance A 2.0
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Fig.24 A Section of the interlock generating rustle
noise

\

The shape of this interlock is similar to
the drawing, and the clearance is narrower
than that of the interlock generating rustle noise

Fig.25 A Section of the interlock non-generating
rustle noise

Fig.26 A movable range in 2-dimension
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Point of contact

The center of rotation for the point of
contact moving along the curved surface

Fig.27 A movable range in 3-dimension
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