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A method applicable to a design of a motorcycle
exhaust system in its early design process that predicts
fatigue strength was developed. In this prediction
method, vibrating stress, thermal stresses, stress
resulting from component assembling of the exhaust
system and deterioration of strength of materials
originated from fatigue by high temperature are
simultaneously taken into account. For the prediction
of vibrating stresses, flexible multibody dynamics was
applied to get accuracy of vibration characteristics
modeling for the entire motorcycle structure and for
exciting forces delivered from the engine vibrations.
Thermal conduction analysis and thermal deformation
analysis based on finite element method (FEM) were
applied for the prediction of thermal stresses caused
in the exhaust system components. For prediction
of the thermal stresses, temperature distributions on
the surfaces of the exhaust system components are
required. To estimate the temperature distributions,
heat transfer analysis, which is composed of a one-
dimensional (1D) engine cycle simulation and an
air flow simulation for the air around the vehicle by
3D-CFD, was implemented. For the validation of the
developed method, correlations between the results of
simulations and actual measurements were analyzed
for the vibrating stress, the temperature distribution,
the thermal stress and the fatigue safety factor. High
correlations were yielded between them proving the
validity of the new method.

In this paper, some of the application examples
of newly developed method to an early stage of the
development process are also presented. Through the
examples, it is shown that the application of the new
method effectively help designers implement feasible
measures for potentially frail areas against fatigue.
As a consequence, the new method enhances the
efficiency of the development of the exhaust system.
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Table 1 Specifications of test motorcycle used in
verification tests
Specifications
Engine type 4 stroke, Liquid-cooled,

Parallel twin-cylinder

Displacement

399 cm?®

Bore and Stroke

67.0 mm x 56.6 mm

Crank shaft type

180 deg crankshaft

Balance shaft type

1st harmonic, 1 shaft

Max. brake power

34 kW at 9500 rpm

Max. brake torque

37 Nm at 7500 rpm

Frame type

Diamond

Engine mount type

Rigid mount

Fig. 3 Test vehicle

and equipped engine
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Table 2 Conditions applied for 3D-CFD analysis

Solution type Steady state

Working fluid Air

Compressibility Incompressible

Turbulent model Realizable k- €

Cell type Hybrid (hex, tetra, pyramid)
Cell size 2-8 mm

Total number of cells 25,000,000

Vehicle speed 160 km/h

Velocity [km/h]
O M WM 160

Fig. 15 Calculation results of wind velocity around

the vehicle
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Fig. 16 Overview of one-dimensional simulation
model for gas flow analysis
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Fig. 21  Simulation result of FEM model of a test
piece to investigate thermal stress
distribution adjacent to weld bead
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Fig. 22 Correlation of strain generated adjacent to
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Fig. 23 Process of calculating fatigue safety factor
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Fig. 24 Correlation between experimental and simulation results on fatigue safety factors
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Fig. 26  Difference appeared in contours showing
fatigue safety factor before and after
application of countermeasures in designing
for exhaust pipe mounting bracket
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Fig. 27  Difference appeared in contours showing
fatigue safety factor before and after
application of countermeasures in designing
for exhaust pipe cover stay
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durability evaluations
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