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Abstract. In order to study the influence of heavy truck dynamic parameters on the vehicle’s ride 
comfort under the random road excitation, the weighted RMS (root-mean-square) acceleration 
responses of the vertical driver’s seat and cab pitch angle are chosen as objective function, a 
dynamic model of the vehicle with 10 degrees of freedom is established to simulate and analyze 
the results. The influence of different parameters of all the suspension systems of the vehicle, such 
as the stiffness and damping of the suspensions of the seat, cab, vehicle, and wheel, on the vertical 
driver’s seat and cab pitch angle are respectively analyzed. The study results show that the 
influence of the stiffness and damping parameters in the suspension systems on the vehicle ride 
comfort is very obvious. The vehicle’s ride comfort changes worse with the increase of the 
suspension stiffness and the reduction of the suspension damping, and vice versa. The study 
proposes an optimal range of the stiffness and damping parameters for the optimal design and 
control of the vehicle suspension systems, concurrently, the study can also provide a theoretical 
basis for the suspension system designed for heavy trucks. 
Keywords: heavy trucks, dynamic parameter model, ride comfort. 

1. Introduction 

Nowadays, the heavy truck market has increasingly higher performance requirements for 
vehicles. One of the most important factors of the vehicle is the vehicle’s ride comfort. The 
parameters of the vehicle dynamics system have an important influence on the vehicle’s ride 
comfort. The parameters of the heavy truck changed can strongly affect the vehicle’s ride comfort 
and road damage [1, 2]. In order to improve the driver’s ride comfort and road friendliness, the 
parameters of the vehicle dynamics system must be continuously improved. The previous 
researchers often use the half-vehicle, the full vehicle dynamic models, or the multi-body dynamic 
models to research the vibration of the vehicle. The analysis and evaluation of the influence of 
parameters of the different suspension systems, tires, speeds, and road surface levels on the 
driver’s ride comfort were studied [3-5]. The influence of the vehicle suspension system on road 
friendliness was also researched and optimized [1, 6-8]. In addition, the ride comfort of the heavy 
truck’s cab and the driver’s seat directly affects the driver’s work efficiency and physical health 
as well as driving safety. Especially, when heavy trucks traveling on random road surfaces, the 
excitation vibration could impact the vehicles cause the driver to feel uncomfortable, fatigued, and 
even cause occupational diseases such as spinal deformities and stomach problems. Therefore, 
improving the ride comfort of the driver and reducing the driver’s fatigue strength can not only 
ensure the health of the driver but also have important significance for ensuring the safety of the 
driver. 

In recent years, improving the design of the cab and seat suspension systems has become a hot 
topic in the automotive industry. The simulation vibration of the vehicle was established in [9, 10], 
but only the influence of the parameters of the cab suspension system on the ride comfort was 
considered. The literature in Refs. [9, 11, 12] were to optimize and control the parameters of the 
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driver’s seat and the cab suspension based on the vertical weighted RMS acceleration of the seat. 
The literature in Refs. [9, 12] used DOE technology to simulate and improve the parameters of 
the cab’s suspension system. The literature in Ref. [13] used a multi-body dynamics model of the 
cab suspension system. The excitation vibrations of the simulation model are measured through 
road tests, and the weighted RMS acceleration is used as the objective function. However, these 
studies only consider the effect of the cab suspension parameters on the vertical vibration. 
Therefore, it not fully reflects the influence of the vibration on the driver’s ride comfort on the 
different roads. When the vehicle traveling on the road, the road roughness surface, unbalanced 
inertia force of the engine, wind force, etc. will affect the vibration in three directions of the cab. 
The research results showed that the cab shaking also has a great impact on the driver’s ride 
comfort and physical health. 

To solve this problem, a dynamics model of heavy trucks with 10 degrees of freedom was 
established in this paper. The random vibration of the road surface was used as the exciting 
function. The weighted RMS acceleration of the vertical driver’s seat and the cab’s pitch angle is 
used as the objective function to evaluate the vehicle’s ride comfort. Matlab/Simulink software 
was used to simulate the results. The effect of the sensitivity parameters of the suspension systems 
of the driver’s seat, cab, vehicle, and wheel on the ride comfort are analyzed and evaluated in Part 
1 of this paper. The research results can provide a based design for the vehicle dynamics system. 

2. The heavy truck dynamic model 

Based on the above research results in Section 1, it can be seen that there are currently three 
methods for modeling and solving the vehicle dynamics system: (1) The physical structure is used 
to simplify the vehicle system model; (2) using CAD software to model, then use CAE and other 
dynamic software to solve and optimize; (3) to combine two methods. This article uses the first 
method. In order to analyze the sensitivity analysis of dynamic parameters on ride comfort, a 
three-axle heavy truck is selected. The dynamic model is shown in Fig. 1, where, 𝐾௜, 𝐾௧௜, 𝐾௖௡, and 𝐾௦  are the stiffness of the vehicle suspension system, tire, cab suspension system, and seat 
suspension system, respectively; 𝐶௜, 𝐶௧௜, 𝐶௖௡, and 𝐶௦ are the damping of the vehicle suspension 
system, tire, cab suspension system, and seat suspension system, respectively; 𝑚௔௜, 𝑚௧, 𝑚௕, 𝑚௖, 
and 𝑚௦ are the mass of the vehicle’s unsprung, trailer, body, cab, and seat; 𝑧௔௜, 𝑧௧, 𝑧௕, 𝑧௖, and 𝑧௦ 
are the vertical displacements of the axle, trailer, body, cab, and seat, respectively; 𝜑௧, 𝜑௕, and 𝜑௖ 
are the pitch angle displacements of the trailer, body, and cab, respectively; 𝑙௠ are all geometric 
dimensions (𝑖 = 1-3, 𝑛 = 1, 2, 𝑚 = 1-9).  

 
Fig. 1. Lumped parameter model of heavy trucks 

According to the dynamic model in Fig. 1, the differential equation for vehicle vibration can 
be established as follows: 
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𝑚௔ଵ𝑧ሷ௔ଵ = 𝐹ଵ − 𝐹௧ଵ,      𝑚௔ଶ𝑧ሷ௔ଶ = 𝐹ଶ − 𝐹௧ଶ,      𝑚௔ଷ𝑧ሷ௔ଷ = 𝐹ଷ − 𝐹௧ଷ, 𝑚௧𝑧ሷ௧ = 𝐹଴ + 𝐹ଷ,      𝐼௧𝜑ሷ ௧ = 𝐹ଷ𝑙଻ − 𝐹଴𝑙଺,       𝑚௕𝑧ሷ௕ = 𝐹ଵ + 𝐹ଶ − 𝐹௖ଵ − 𝐹௖ଶ − 𝐹଴,𝐼௕𝜑ሷ ௕ = 𝐹ଶ𝑙ଽ − 𝐹ଵ𝑙଼ − 𝐹଴𝑙ହ + 𝐹௖ଶ𝑙ସ + 𝐹௖ଵ(𝑙ଶ + 𝑙ଷ) + 𝐹௖ଶ𝑙ସ,
 𝑚௖𝑧ሷ௖ = 𝐹௦ − (𝐹௖ଵ + 𝐹௖ଶ),       𝐼௖𝜑ሷ௖ = 𝐹௦𝑙ଵ + 𝐹௖ଶ𝑙ଶ − 𝐹௖ଵ𝑙ଷ,      𝑚௦𝑧ሷ௦ = −𝐹௦, (1)

where, 𝐹௦ is the vertical reaction force of the driver’s seat suspension system determined by: 𝐹௦ = 𝐾௦(𝑧௖ − 𝑙ଵ𝜑௖ − 𝑧௦) + 𝐶௦(𝑧ሶ௖ − 𝑙ଵ𝜑ሶ௖ − 𝑧ሶ௦). (2)𝐹௖௡ is the vertical forces of the cab suspension system determined as follows: 𝐹௖ଵ = 𝐾௖ଵ[𝑧௕ − 𝑧௖ + (𝑙ଶ + 𝑙ଷ + 𝑙ସ)𝜑௕ − 𝑙ଷ𝜙௖] + 𝐶௖ଵ[𝑧ሶ௕ − 𝑧ሶ௖ + (𝑙ଶ + 𝑙ଷ + 𝑙ସ)𝜑ሶ ௕ − 𝑙ଷ𝜙ሶ௖],𝐹௖ଶ = 𝐾௖ଶ[𝑧௕ − 𝑧௖ + 𝑙ସ𝜑௕ + 𝑙ଶ𝜙௖] + 𝐶௖௫ൣ𝑧ሶ௕ − 𝑧ሶ௖ + 𝑙ସ𝜑ሶ ௕ + 𝑙ଶ𝜙ሶ௖൧.  (3)

𝐹௜ is the vertical forces of the vehicle suspension system described by:  𝐹ଵ = 𝐾ଵ(𝑧௔ଵ − 𝑧௕ − 𝑙଼𝜑௕) + 𝐶ଵ(𝑧ሶ௔ଵ − 𝑧ሶ௕ − 𝑙଼𝜑ሶ ௕),𝐹ଶ = 𝐾ଶ(𝑧௔ଶ − 𝑧௕ + 𝑙ଽ𝜑௕) + 𝐶ଶ(𝑧ሶ௔ଶ − 𝑧ሶ௕ + 𝑙ଽ𝜑ሶ ௕),𝐹ଷ = 𝐾ଷ(𝑧௔ଷ − 𝑧௕ + 𝑙଻𝜑௧) + 𝐶ଷ(𝑧ሶ௔ଷ − 𝑧ሶ௕ − 𝑙଻𝜑ሶ ௧).  (4)

𝐹଴ is the vertical dynamic force of the articulation connection between the tractor and trailer 
given by: 𝐹଴ = 𝐾଴(𝑧௕ − 𝑧௧ − 𝑙ହ𝜑௕ − 𝑙଺𝜙௧) + 𝐶଴(𝑧ሶ௕ − 𝑧ሶ௧ − 𝑙ହ𝜑ሶ ௕ − 𝑙଺𝜑ሶ ௧). (5)𝐹௧௜ is the vertical reaction force of the wheel and determined as follows: 𝐹௧ଵ = 𝐾௧ଵ(𝑞௧ଵ − 𝑧௔ଵ) + 𝐶௧ଵ(𝑞௧ଵ − 𝑧ሶ௔ଵ),𝐹௧ଶ = 𝐾௧ଵ(𝑞௧ଶ − 𝑧௔ଶ) + 𝐶௧ଶ(𝑞ሶ௧ଶ − 𝑧ሶ௔ଶ),𝐹௧ଷ = 𝐾௧ଵ(𝑞௧ଷ − 𝑧௔ଷ) + 𝐶௧ଷ(𝑞ሶ௧ଷ − 𝑧ሶ௔ଷ). (6)

3. Road roughness surface 

When the vehicle travels on a road surface, the random road will irritate the vibration of the 
vehicle, and it is one of the important factors affecting comfort and health. The random road 
surfaces are modeled by using the PDS function proposed by [14] for road surface roughness: 𝑆௤(𝑛) = 𝑆௤(𝑛଴) ൬ 𝑛𝑛଴൰ିఠ, (7)

where 𝑆௤(𝑛)  is the road surface roughness power spectral density function; 𝑛  is the spatial 
frequency which is the reciprocal of the wavelength; 𝑛଴ is the reference spatial frequency, which 
is taken as 0.1 m-1; and 𝜔 is the frequency index, which determines the frequency structure of  𝜔 = 2; 𝑆௤(𝑛଴) is the power spectral density of the road pavement, the value is determined by the 
road conditions, according to the international standard ISO 8068 [15], pavement power spectral 
density will be divided into eight levels of road roughness from A-H level road roughness. 

Assuming that the road roughness is zero and the mean-stationary Gaussian stochastic process, 
Eq. (7) can be generated using an inverse Fourier transform: 

𝑞(𝑡) = ෍ ට2𝑆୯(𝑛௜)Δ𝑛ே௜ୀଵ cos(2𝜋𝑛௞𝑡 + 𝜙௜), (8)
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where, 𝑞(𝑡) is the road surface roughness; 𝜙௜ =0 to 2𝜋 is a random phase. 

4. Basic evaluation method 

According to the international standard ISO 2631-1 [16], the effect of vibration on driver ride 
comfort is evaluated based on the weighted root-mean-square (RMS) acceleration which is 
defined as follows: 

𝑎௪௭ = ቈ1𝑇න 𝑎௪௧ଶ 𝑑𝑡்
଴ ቉ଵ/ଶ, (9)

where 𝑎௪௧ is the weighted acceleration (translational and rotational) that depends on the time of 
measurement 𝑇. 

The weighted RMS acceleration responses of the vertical driver’s seat, the pitch angle of the 
cab of heavy trucks can be calculated from Eq. (9), their values are then compared with 𝑎௪௭, as 
given in Table 1. 

Table 1. Comfort levels related to 𝑎௪௭ threshold values 𝑎௪௭ / m.s-2 Comfort level 𝑎௪௭ / m.s-2 Comfort level 
Less than 0.315 Not uncomfortable 0.8 to 1.6 Uncomfortable 

0.315 to 0.65 A little uncomfortable 1.25 to 2.5 Very uncomfortable 
0.5 to 1.0 Fairly uncomfortable Greater than 2 Extremely uncomfortable 

5. Simulation and result analysis 

In this paper, based on Matlab/Simulink to simulate the vehicle dynamic model, the lumped 
dynamic parameters of three-axle heavy trucks are listed as in Table 2. A road surface of the ISO 
level B is then chosen for the simulation process when the heavy-duty trucks traveling at a constant 
speed on the road at 𝑣 = 72 km/h. the acceleration responses of the seat and cab’s pitch angle are 
shown in Fig. 2. The results of the weighted RMS accelerations of the seat and cab’s pitch angle 
are 0.651 m/s-2 and 0.085 rad/s2, respectively. The weighted RMS value of the driver’s seat is 
0.651 m/s-2, according to the ISO 2631-1:1997(E) standard [16]. The driver feels “Fairly 
uncomfortable”. 

Table 2. Lumped parameters of heavy truck [17] 
Parameter Value Parameter Value Parameter Value 𝑚௔ଵ / kg 0.45×103 𝐾ଶ / N.m-1 5.454×105 𝐶௖ଵ / N.m.s-1 0.75×103 𝑚௔ଶ / kg 1.025×103 𝐾ଷ / N.m-1 5.454×105 𝐶௖ଶ / N.m.s-1 0.75×103 𝑚௔ଷ / kg 1.025×103 𝐾௖ଵ / N.m-1 1×105 𝐶௦ / N.m.s-1 0.2×103 𝑚௧ / kg 12.5×103  𝐾௖ଶ / N.m-1 1×105 𝑙ଵ / m 0.2 𝑚௕ / kg 3.6×103 𝐾௦ / N.m-1 2×104 𝑙ଶ / m 0.8 𝑚௖ / kg 0.5×103 𝐶௧ଵ / N.m.s-1 1.5×103 𝑙ଷ / m 1.3 𝑚௦ / kg 0.12×103 𝐶௧ଶ / N.m.s-1 3×103 𝑙ସ / m 0.3 𝐾௧ଵ / N.m-1 6.9×105 𝐶௧ଷ / N.m.s-1 3×103 𝑙ହ / m 4.1 𝐾௧ଶ / N.m-1 1.38×106 𝐶ଵ / N.m.s-1 7.029×103 𝑙଺ / m 6.9 𝐾௧ଷ / N.m-1 1.38×106 𝐶ଶ / N.m.s-1 2.409×104 𝑙଻ / m 4.0 𝐾ଵ / N.m-1 1.02×105 𝐶ଷ / N.m.s-1 2.409×104 𝑙଼,ଽ / m 1.2; 4.8 

To evaluate the effect of the vehicle dynamic parameters on the ride comfort, the influence of 
the different parameters of the vehicle suspension, tire, cab suspension system, and driver seat 
suspensions on the vibration of the vertical driver’s seat and the cab shaking will be studied. 
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a) Vertical driver’s seat 

 
b) Cab pitch acceleration 

Fig. 2. Acceleration curve of the vehicle traveling at 𝑣 = 72 km/h on a road surface of ISO level B  

5.1. Effect of the vehicle suspension parameters on the ride comfort 

When the vehicle moves on the road surface, the stiffness and damping of the suspension 
system not only directly affect the safety such as the stability of the steering, the durability of the 
components, and the road friendliness, but also affect the ride comfort. Therefore, this paper 
simulates the model and analyzes the weighted RMS acceleration of the driver’s seat (𝑎௪௭) and 
cab pitch angle (𝑎௪ఝ௖) under the different parameters of the vehicle suspension system. 

5.1.1. Effect of the vehicle suspension stiffness 

The different stiffness of 𝐾 = [0.2, 0.4, …, 2.0]×𝐾଴ is selected to simulate the result under 
three various damping conditions of 𝐶 = [0.5, 1.0, 1.5]×𝐶଴ when the vehicle moves at the speed 𝑣 = 72 km/h on the ISO level B, other conditions remain unchanged. Herein, 𝐾଴ = [𝐾ଵ,𝐾ଶ,𝐾ଷ]் 
and 𝐶଴ = [𝐶ଵ,𝐶ଶ,𝐶ଷ]். The effect of the different stiffness of the vehicle suspension system on the 𝑎௪௭ and 𝑎௪ఝ௖ values is shown in Fig. 3.  

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 3. Effect of different vehicle suspension stiffness coefficients on the weighted RMS acceleration 

It can be seen that all the weighted RMS acceleration values increase with the increase of the 
stiffness of the vehicle suspension, thus the ride comfort is reduced. Fig. 3(a) shows that when the 
stiffness of the vehicle suspension increases by 1.4×𝐾଴, the 𝑎௪௭ is strongly increased. Especially 
when the damping value of the vehicle suspension is small, it has a significant impact on the ride 
comfort. According to the ISO-2631 standard, the weighted RMS acceleration between 
1.25-2.5 m/s2, the driver may feel very uncomfortable. Fig. 3(b) shows that when the stiffness of 
the vehicle suspension increases by 1.6×𝐾଴, the 𝑎௪ఝ௖ value increases faster which results in a 
relatively large shake, especially when the damping coefficient of the vehicle suspension system 
is low. On the contrary, when the stiffness of the vehicle suspension reduces, both the 𝑎௪௭ and 𝑎௪ఝ௖  values reduce, thus the vehicle ride comfort is improved. However, the reduction of the 
stiffness of the vehicle suspension system may decrease the vehicle stability and safety. Thus, the 
stiffness of the vehicle suspension system should be from {0.6 to 1.0}×𝐾଴. In the actual condition, 
the stiffness of the vehicle suspension system is a difficult change, thus, the air suspensions and 
its control is researched and developed [5, 11]. 
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5.1.2. Effect of the vehicle suspension damping 

The different damping of 𝐶 = [0.2, 0.4, …, 2]×𝐶଴ is simulated under three various stiffness 
values of 𝐾 = [0.5, 1.0, 1.5]×𝐾଴  and the same simulation condition. The simulation result is 
shown in Fig. 4. 

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 4. Effect of different vehicle suspension damping coefficients on the weighted RMS acceleration 

The effect of the damping coefficients of the vehicle on the 𝑎௪௭ and 𝑎௪ఝ௖ from Fig. 4 shows 
that the damping of the vehicle suspensions increases, the weighted RMS acceleration first 
decreases rapidly and then increases slightly, the vehicle suspension damping has a significantly 
impact on driver comfort, because the ride comfort of heavy trucks is closely related to road 
friendliness [2]. When the damping coefficient is increased by 1.4×𝐶଴ , the driver’s ride 
comfort is the maximum. Therefore, the damping coefficient should be also controlled in a 
range of {1.2 to 1.6}×𝐶଴. This is also a reason that the semi-active vehicle suspension system is 
strongly researched and developed [18, 19]. 

5.2. The effect of the wheel stiffness on the ride comfort 

Under the same simulation condition, the effect of the tire stiffness 𝐾௧ = [0.2, 0.4, …, 2.0]×𝐾௧଴ 
with three various damping conditions of 𝐶௧ = [0.5, 1.0, 1.5]×𝐶௧଴ on the 𝑎௪௭ and 𝑎௪ఝ௖  is also 
obtained, as shown in Fig. 5. 

From Fig. 5, we can see that: (1) With the increase of wheel stiffness, the weighted RMS 
accelerations increase first and then decrease slightly, which will lead to lower ride comfort; 
(2) The effect of the change of wheel damping on the ride comfort is small; (3) The smaller the 
wheel damping, the ride comfort is higher. (4) Increasing the wheel pressure of heavy trucks can 
not only improve the tire load-bearing performance. But also save fuel consumption and reduce 
transportation costs [2, 4]. However, when the wheel stiffness is increased by 1.6×𝐾௧଴, it not only 
greatly influence the ride comfort but also has a great influence on road friendliness. In order to 
improve the ride comfort, the use of high-pressure tires should be limited by {0.8 to 1.2}×𝐾௧଴. In 
addition, to improve the ride comfort of heavy trucks, the impact of the seat and cab suspension 
parameters on the ride comfort also need to analyze. 

5.3. Effect of the cab suspension parameters on the ride comfort 

In a similar simulation and under the same vehicle traveling conditions, the influence of the 
cab suspension parameters on the 𝑎௪௭ and 𝑎௪ఝ௖  is analyzed below. 

5.3.1. Effect of the cab suspension stiffness 

With the simulation condition of the cab suspension stiffness 𝐾௖ = [0.2, 0.4, …, 2.0]×𝐾௖଴ and 
three various damping conditions of 𝐶௖ = [0.5, 1.0, 1.5]×𝐶௖଴, the results of the 𝑎௪௭ and 𝑎௪ఝ௖  are 
shown in Fig. 6. The change of the cab suspension stiffness has a significant effect on the driver's 
ride comfort.  
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a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 5. Effect of the different wheel stiffness on the weighted RMS acceleration 

It can be seen from Fig. 6(a) that the RMS acceleration of the vertical driver’s seat changes 
significantly with the increase of the cab suspension stiffness, which leads to a reduction in the 
ride comfort of the driver. When the stiffness of the cab suspension approaches 0.6×𝐾௖଴, the RMS 
acceleration of the vertical driver’s seat is the minimum value. However, it can be seen from 
Fig. 6(b) that the RMS accelerations of the cab’s pitch angle are significantly enlarged, thus, it can 
increase the cab shaking and reduce the driver’s ride comfort, so the cab suspension stiffness 
should be used by {0.6 to 1.0}×𝐾௖଴. In order to reduce the cab shaking, the heavy truck cab is 
currently solved by three improved design methods: (1) An auxiliary elastic element in the cab 
suspension is proposed as a stabilizer bar [13]; (2) Semi-active and active cab suspension damping 
control [9, 20]; (3) Combined method. The impact of the cab suspension damping on the driver’s 
ride comfort is analyzed below. 

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 6. Effect of the different cab suspension stiffness on the weighted RMS acceleration 

5.3.2. Effect of the cab suspension damping 

Similarly, the relationship between the 𝑎௪௭ and 𝑎௪ఝ௖ for different cab suspension damping 
changes is shown in Fig. 7.  

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 7. Effect of the different cabin suspension damping on the weighted RMS acceleration 

From Fig. 7, it can be seen that the cabin damping increases, the weighted RMS acceleration 
decreases, resulting in increased driver’s ride comfort. When the cab damping coefficient is 
around 1.4×𝐶௖଴, the weighted RMS acceleration of the vertical driver’s seat is the minimum. It 
can be seen from Fig. 7(a) that when the stiffness of the cab is relatively small, the damping 
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coefficient greatly influences the weighted RMS acceleration of the vertical driver’s seat, cause 
of the vibration of the vertical driver’s seat to decrease, and the driver’s ride comfort is greatly 
improved. However, it can be seen from Fig. 7(b) that the RMS accelerations of the cab’s pitch 
angle significantly enhances the cab shaking and reduce the ride comfort. Therefore, the damping 
of the cab suspension should be limited by {1.2 to 1.6}×𝐶௖଴ to improve the driver’s ride comfort. 

5.4. Effect of the seat suspension parameters on the ride comfort 

The influence of different parameters of the driver’s seat suspension on the 𝑎௪௭ and 𝑎௪ఝ௖ are 
continuously analyzed under the same conditions of the vehicle. 

5.4.1. Effect of the seat suspension stiffness 

The relationship between the different stiffness of the driver’s seat suspension on the 𝑎௪௭ and 𝑎௪ఝ௖ is shown in Fig. 8. As can be seen from Fig. 8, the change in the seat suspension stiffness 
has a significant effect on the driver’s ride comfort. It can be seen from Fig. 8(a) that the RMS 
acceleration of the vertical driver’s seat is significantly changed with the increase of the stiffness 
of the seat’s suspension, the result is to reduce the driver’s ride comfort. When the stiffness of the 
seat suspension approaches 0.8×𝐾௦଴, the RMS acceleration of the vertical driver’s seat reaches a 
minimum. However, it can be seen from Fig. 8(b) that the RMS acceleration of the cab’s pitch 
angle is significantly enhanced, which results in a noticeable increase in the cab shaking and 
reduces the driver’s ride comfort. When the seat suspension stiffness exceeds 1.6×𝐾௦଴, there is no 
significance to the driver’s ride comfort. Thus, a range of the stiffness of the driver’s seat 
suspension in {1.6 to 2.0}×𝐾௦଴ should be applied to improve the driver’s ride comfort. 

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 8. Effect of the different driver’s seat suspension stiffness on the weighted RMS acceleration 

 
a) Vertical driver’s seat 

 
b) Cab pitch angle 

Fig. 9. Effect of the different driver’s seat suspension damping on the weighted RMS acceleration 

5.4.2. Effect of the seat suspension damping 

The relationship between the 𝑎௪௭  and 𝑎௪ఝ௖  for different damper coefficients of the seat’s 
suspension is shown in Fig. 9. The result shows that the seat damping coefficients increase, the 
weighted RMS accelerations also decrease, the result is to increase in ride comfort. When the seat 
suspension damping is approximately 1.6×𝐶௦଴, the RMS acceleration of the driver’s seat reaches 
a minimum. It can be seen from Fig. 9(a) that when the stiffness of the seat suspension is small, 
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the driver’s ride comfort is relatively high, however, it can be seen from Fig. 9(b) that the 𝑎௪ఝ௖  is 
increased, therefore the cab shaking is increased, which reduces the ride comfort of the driver. To 
improve the ride comfort and control the cab shaking, the damper coefficients of the seat’s 
suspension should be controlled by {1.4 to 1.8}×𝐶௦଴. 

6. Conclusions 

1) The effect of the stiffness and damping parameters of the vehicle suspension systems are 
strongly affected the driver’s ride comfort. 

2) When increasing the damping parameters and reducing the stiffness parameters of the 
suspension systems of the seat, cab, vehicle, and wheel, the driver’s seat ride comfort and cab 
shaking is significantly improved. 

3) A range of the optimal parameters of the stiffness and damping values of all the suspension 
system proposed via the simulation and analysis process for their optimization or control to 
improve the driver’s seat ride comfort and cab shaking as follows: 𝐾଴ =  {0.6 to 1.0}×𝐾଴ ,  𝐾௧ = {0.8 to 1.2}×𝐾௧଴, 𝐾௖ = {0.6 to 1.0}×𝐾௖଴, 𝐾௦ = {1.6 to 2.0}×𝐾௦଴, 𝐶଴ = {1.2 to 1.6}×𝐶଴, 𝐶௖ = {1.2 to 1.6}×𝐶௖଴, 𝐶௦ = {1.4 to 1.8}×𝐶௦଴. 

These proposed stiffness and damping values are then optimized and controlled in Part 2 to 
further improve the vehicle’s ride comfort. 

4) This article only considers the ride comfort of the vehicle with different vehicle dynamic 
parameters. The influences on unsprung mass, sprung mass, road roughness, and the impact of 
vehicle speed on vehicle ride comfort will be studied and completed further. 
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