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Dynamic Analysis of Engine Response to Throttle Tip-in/Tip-out
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Abstract

In this paper dynamic responses of an engine, which is supported by hydraulic mount, to throttle tip-in/tip
out are analyzed. Because the hydraulic mounts have non-linearity which the characteristics of stiffness and
damping vary with frequencies, it is difficult to analyze the dynamic behavior of an engine using general
integral algorithms. Convolution integrals and relationships between unit impulse response functions and
frequency response functions are therefore used to simulate the transient behavior of an engine indirectly. In
time domain, impulse response functions are calculated by two-side discrete inverse Fourier transform of
frequency response function achieved by Laplace transform of equations of motion. Considering the fact that
the shapes of behavior of an engine simulated by the proposed method are in good agreement with test results,
it is confirmed that the proposed method is very effective for the analysis of transient response to throttle tip-
in/out of an engine with hydraulic mounts.
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Fig. 1 Engine mount system.
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Fig. 2 The typical dynamic characteristics of a
hydraulic mount,
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Fig. 4 Engine torque curve.
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Fig.5 Road load data used to simulate the
aerodynamic drag torque on chassis
dynamo.
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Table 1. Engine inertia properties.

Mass [Kg] | 171.9 Gear Ratio
Moment of Inertia [kg m’] Ist | 3.545

I 11.76 2nd | 2.158
Ly | Ly -1.227] 6.18 3rd | 1.478
Lo | 1y | 1 [-0.52101.935] 996 || 4th | 1.129
COG [mm] 5th | 0.886

x 1y | z |1587.4] 444 (4279 fimal | 3.720

Table 2. Dynamic properties of engine mounts.

Dir. Mount
LH RH RR
Locati X 1645 1545 1765
oeation 7 485 521 54
(mm] z 550 574 134
Loss Angle X 4 4 4
deg) y 4 4 4
L z 4 see Fig.2 0
Dynamic X 175 280 | 290
Stiffness y 40 196 350
__[N/mm] z 150 see Fig.2 0
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Fig. 3 Engine speed at throttle tip-in/tip-out.
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Fig.6 Engine response to throttle tip-in/tip-out.
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Fig. 7 Driving torque and momentum of chassis roll
at tip-in/tip-out.
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Fig. 8 External force curve used at simulation.
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Fig. 9 Comparison of measured and simulated
engine displacement at mounts.
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