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Abstract: Humans are sensitive to low-frequency vibrations in the seated posture.
Consequently, seated human biodynamics has been a prominent subject of interest, and
numerous mathematical models have been developed in this regard to date. In conventional car
seats, the seating system does not induce significant changes in the frequency of the coupled
human-seat system. In this paper, employing a four-degree-of-freedom (4-DOF) biomechanical
model alongside the PSO-CD multi-objective optimization algorithm, the IMP, STH, and VDV
functions were optimized under a harmonic excitation with a maximum amplitude of 50 mm,
yielding the optimal mass, stiffness, and damping coefficients of the car seat. Subsequently, the
optimized outcomes were compared with the experimental and mathematical (analytical)
results of a conventional seat. The obtained results demonstrate a substantial reduction in the
aforementioned functions.

Introduction: With the advancement of technology and the production of powerful, high-
speed machines, the impacts of these machines on the environment and human beings have
drawn the attention of researchers. One of the mechanical excitations consistently introduced
into the environment by industrial machinery is vibration. The vibrations generated by
machinery lead to acute and chronic injuries to the human body. In the current paper, the
optimal mass, stiffness, and damping coefficients of a car seat have been obtained using the
Quasi-Newton optimization method applied to acceleration functions and the Seat-to-Head
Transmissibility (STH) biodynamic function. Subsequently, the optimized results have been
compared with the experimental and mathematical (analytical) outcomes of a conventional
seat.

Materials and Methods: At low frequencies and vibration levels, the human body can be
simulated as a linear lumped-parameter system. Figure 1 illustrates the four-degree-of-freedom
(4-DOF) mechanical model proposed by Wan and Schimmels. Based on the analytical and
experimental studies published by Liang and Chiang, this model has been identified as the
superior model among the existing lumped-mass models.

To investigate the effects of vertical vibrations on a seated occupant, the system of equations
of motion corresponding to the lumped-parameter model must first be derived and solved.
Given that the lumped-parameter model utilized in this study is a linear system, the analysis
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has been conducted in the frequency domain, as this approach is highly suitable for linear
systems subjected to harmonic excitation. It should be noted that this method yields the steady-
state response of the system.

Results and Discussion: The biodynamic responses of the seated occupant to vertical vibration
excitation are presented in the frequency domain through biodynamic functions, namely
transmissibility, mechanical impedance (IMP), and apparent mass. Additionally, the
acceleration of body segments is provided as a representative example at frequencies of 3.5, 5,
and 10Hz for both the optimized and conventional seat configurations.

Furthermore, the analytical results obtained in the frequency domain are compared with the
experimental results for the conventional seat. The experimental data are presented in three
forms: the upper limit, the lower limit, and the target line.

(Note: The frequency “5/3” in the Persian text is a common right-to-left typing inversion for
“3.5”. Since 3.5Hz is a standard resonant frequency in biomechanical vibration analysis, it has
been translated as 3.5Hz.)

Conclusions: As illustrated in Figure 2, as a result of the optimization, the values of the Seat-
to-Head (STH) transmissibility biodynamic function have decreased significantly, except
within the frequency band of 1.6to 2.2Hz. It should be emphasized that achieving this reduction
was one of the principal objectives of this research; a decrease in STH transmissibility signifies
an attenuation in the transmission of vibration excitation to the body segments, which
consequently enhances the ride comfort of the vehicle occupant.

As anticipated, noticeable variations have been induced in the values of the Mechanical
Impedance (IMP) and VDV biodynamic functions (Figures 5 and 6). Referring to Figures 7
through 11, the acceleration exerted on the body segments has decreased substantially in the
optimized seat configuration, dropping by a ratio of 1: 100. Furthermore, the magnitude of this
acceleration reduction becomes considerably more pronounced as the frequency increases. This
attenuation is highly favorable, as, according to Equations 14, 15, and 16, a decrease in
acceleration with increasing frequency implies a reduction in the dynamic force applied to the
body segment, thereby mitigating potential biomechanical injury.

Finally, although the acceleration values transmitted from the pelvis to the head exhibit a severe
amplification at a specific frequency, such as 5Hz, in the conventional seat, they are drastically
attenuated in the optimized seat.

Keywords: Human Vibration, Biodynamic Model, Optimal Vehicle Seat, PSO-CD Optimization.
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