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Detection of the Three Dimensional Center of Gravity
on A Moving Automobile
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The center of gravity of an automobile depends on loading conditions of the automobile. It is,
however ,time consuming work to detect the center of gravity by the static proportional calculation and
more over no way to detect instantly on the moving automobile by the static one. In this respect, this
paper applies the theory of Detecting three dimensional (3D) locations of the Center of Gravity for
detecting the center of gravity on the moving automobile, which was invented by the second author of
this paper and abbreviated as D3DCG. D3DCG was created by the concept of motion dynamics of ships
floating on water. Since the moving automobile has the natural frequency which dependent on the center
of gravity of the automobile, this paper assumes that similar condition of ships can occur while the
automobile is moving straight at constant speed. Based on the assumption, the authors measured the
vertical acceleration and the roll rate of the moving automobile by which D3DCG can be applied for
detecting the center of gravity. As the result, D3DCG was able to detect the center of gravity under
variety of lording conditions and air pressures of tires of the automobile without measuring either weights
or spring rates of the automobile.
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Fig.2 A model of rolling motion of the center of
gravity on a moving automobile
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Fig.3 An image of a tabletop detector for the
center of gravity
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Fig.4 A structure of a tabletop detector
for the center of gravity
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Table.2 Results of detectiong the center of gravity
by the tabaletop detector

Three Dimensional Deteption Proséarl::gnal

of the Center of Gravity .
Calculation

Pattern | V'[Hz] | V[Hz] | L[m] L'[m]

A 4150 | 2441 | 0.052 0.052

B 4150 | 2.075 | 0.058 0.057

C 4150 | 1.831 | 0.063 0.064

D 4150 | 1465 | 0.072 0.073
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Fig.5 Comparisons of the center of gravity between the
three dimensional detection and the static proportional
calculation.
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gravity on a moving automobile
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Table.3 Patterns of number of passengers and
number of cargoes

Pattern of Number of | Number of

. Passengers | Cargoes

Loading
kg kg
Low I 1 |7kg| O | okg
T

Center_ of H 2 140kg O Okg
G“I”ty I 2 |140kg| 1 | 45kg
High I\ 2 |uog| 2 | ook

Fig.7 Conditions of cargoes on a moving automobile
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Fig.8 The procedure of measuring the
vertical acceleration and the roll rate of a
moving automobile during the experiment
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Fig.9 Vertical acceleration of a moving automobile

measured by the experiment of pattern Ilat 150kPa of air

pressure of tiers

Fig.10 Roll rate of a moving automobile measured by
the experiment of pattern I at 150kPa of air

pressure of tiers
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Fig.11 Averaged FFT of fig.9

Fig.12 Averaged FFT of fig.10
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Table.4 Results of detecting the center of gravity(L)

on a moving automobile under differrent loading
conditions and air pressure of tires.

Pattern of Preps\;rure 174 |4 L
Loading of Tires (H2) | (H2) | (m)
Pattern I 2.34311.806| 0.579
Pattern 1I 2.44111.708| 0.637
Pattern 1II 250(kPa) 2.636 |1.757| 0.673
Pattern IV 2.490 |1.513| 0.729
Pattern 1 2.395 | 2.050| 0.526
Pattern 1I 2.587 11.904| 0.612
Pattern 1II 200(kPa) 2.490 |1.611| 0.687
Pattern IV 2.685 |1.660| 0.724
Pattern 1 2.490 [1.904 | 0.587
Pattern 1I 1.953|1.318| 0.636
Pattern 1II 150(kPa) 2.3431.611| 0.644
Pattern IV 2.539 |1.611| 0.702
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Fig.13 Comparisons of the three dimensional
center of gravity under different loandig patterns
and air presures of tire on a moving automobile.
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