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Prediction Technology of Output Power and Intake-Exhaust Noise Using 1D-Simulation for

Small-Displacement Motorcycles
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Using a 1D simulation that transforms the 3D
shape of intake-exhaust systems into one dimension
and calculates the thermodynamics and fluid
gas dynamics of internal combustion engines, a
prediction technology of the output power and intake-
exhaust noise for small-displacement single-cylinder
motorcycles was established. Output power can be
calculated accurately for various engines with different
displacements and cooling systems by adjusting the
boundary conditions in the calculation model. The
intake-exhaust noise can be calculated accurately by
clarifying some important points for accuracy when
transforming the 3D shapes of the intake-exhaust
system into the 1D model and by reflecting them
in the calculation model. As for mufflers that have
complicated internal structures, the calculation of
exhaust noise cannot be made with sufficient accuracy
because 1D simulation does not calculate spatial flow
behavior. But, enhancement of accuracy is expected
using a 1D-3D coupled simulation.
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Fig. 2 Intake duct of test motorcycle (C)

Table 1  Specification of motorcycles used for verification
Test motorcycles A B C
Engine type singl-eStcrglli(r?der singl-:tcl:slli(r?der singl-eStégll?r?der
Cooling system Air-cooled Water-cooled Air-cooled
Displacement (cm?®) 150 125 110
Valve layout IN: 1/EX: 1 IN: 1/EX: 1 IN: 1/EX: 1
Ignition type Spark ignition Spark ignition Spark ignition
Air cleaner volume (L) 2.6 3.7 23
Muffler volume (L) 4.7 3.6 2.2
Muffler structure 3-pass 3-pass 3-pass
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Fig. 4 Comparison of measured and calculated output power and torque
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Table 2 Measurement and calculation conditions of
intake-exhaust noise

Load condition Full load

Operation condition Steady state

Throttle condition Wide-open throttle

At Max. sound pressure level

Measured engine speed in pass-by noise measurement

Inside intake duct (Intake noise)

Near tail pipe opening
(Exhaust noise)

Frequency analysis

Measurement position

Analysis method

Frequency range 0-500 Hz
Frequency resolution 4 Hz
Window function Hanning
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Fig. 13 Comparison of measured and calculated pressure wave near exhaust valve
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Fig. 22 Change in output power and intake-exhaust
noise when using prediction data
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