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In early design stage, the simulation of interior noise is useful for the enhancement of the noise,
vibration and harshness (NVH) performance in a vehicle. The traditional transfer path analysis
(TPA) technology cannot simulate the interior noise since it uses the experimental method. In
order to solve this problem, in this paper, the hybrid TPA is developed as the novel approach. The
hybrid TPA uses the simulated excitation force as the input force, which excites the flexible body
of a car at the mount point, while the traditional TPA uses the measured force. This simulated
force is obtained by numerical analysis for the FE (finite element) model of a powertrain. The
interior noise is predicted by multiplying the simulated force by the vibro-acoustic transfer function
(VATF) of the vehicle. The VATF is the acoustic response in the compartment of a car to the input
force at the mount point of the powertrain in the flexible car body. The trend of the predicted
interior noise based on the hybrid TPA very well corresponds to the measured interior noise,
although there is some difference due to not only the experimental error and the simulation error

but also the effect of the air-borne path.
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Fig. 1 Diagram for the powertrain mounting system of the
test vehicle
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Fig. 2 Diagram of the hybrid transfer path analysis for
using the FE model of a powertrain
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Fig. 3 Elastomer testing systems for measurement of
dynamic stiffness (a) drawing for system (b) E/G
mount (¢) F/R mount (d) R/R mount (e) T/M
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o o

Fig. 5 Photograph for measurement points of acceleration

at the powertrain mounts
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Fig. 6 Comparison between the measured excitation force and the simulated excitation force: (a) 2™ order component (b)

4™ order component (¢) 6" order component
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Fig. 7 Set up for equipment for the measurement of the
vibro-acoustic transfer function in a test vehicle
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Fig. 8 Measured vibro-acoustic transfer function based on

reciprocity theory

VATF (inf)
VATF (1imf)

56 100 150 200 250 300 350 50 100 150 200 250 300 350
Frequency(Hz) FrequencylHz)

VATF (1)
VAT (1mf}

50 100 150 200 250 300 350 56 100 150 200 250 300 350
Frequency(Hz) Frequencytz)
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Fig. 9 Vibro-acoustic transfer functions measured at the

powertrain mount (a) E/G mount (b) F/R mount

(d) R/R mount (d) T/M mount
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Table 1 Specification of the powertrain

Powertrain Specification
Displacement 22L
Number of cylinder 4
Type of Fuel Diesel
Balance shaft Lanchester type
Transmission Automatic
Vehicle type SuUv

Engine speed (rpm)
Sound pressure level (dB)

200 300 400
Frequency (Hz)

Fig. 10 Color map for the interior noise measured inside a
test vehicle
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Fig. 11 Comparison between the direct measured interior

noise and the predicted interior noise based on
the hybrid TPA: (a) overall noise (b) 2nd order
component (¢) 4th order component (d) 6th order
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Fig. 12 Prediction of the interior noise based on the traditional TPA and Hybrid TPA for the harmonic components of the
rotating speed of the crankshaft: (a) 2™ order component, (b) 4™ order component, (c) 6™ order component
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