
JOURNAL OF THEORETICAL
AND APPLIED MECHANICS
63, 2, pp. 387–399, Warsaw 2025
https://doi.org/10.15632/jtam-pl/201245

VIBRATION ANALYSIS AND CONTROL OF 2SPS+SR SUSPENSION SEAT
FOR IMPROVING VEHICLE RIDE COMFORT

Bijuan YAN∗, Haiqing ZHANG, Yihang GENG, Wenjun ZHANG

Taiyuan University of Science and Technology, 030024, Taiyuan, Shanxi, China
∗corresponding author, tyustybj@tyust.edu.cn

In order to minimize three-dimensional vibrations and improve the ride comfort of a construction
vehicle, the 2-spherical-prismatic-spherical+spherical-revolute (2SPS+SR) parallel suspension seat
is examined. The dynamic differential equations of the seven degree-of-freedom (DOF) vehicle and
the seat model are derived. Under E-, F-, and G-level roads (classified based on standard or index,
e.g., ISO 8608, for road roughness), the dynamic responses of the 2SPS+SR seat are analyzed. The
simulation results indicate that the seat comfort performance using fuzzy-PID control is enhanced
by 40.91%, 19.84%, and 36.40%, which are compared with PID under E-, F-, and G-level roads,
respectively.
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1. Introduction

Construction vehicles play an important role for assisting employees and increasing their
work efficiency in modern economic development. However, they often travel or work on off-
roads, the working environments are very poor. Mechanical vibrations in different directions
from the source of vibration are transmitted to the drivers through the tires, vehicle suspensions,
suspension cab and seat (Yan et al., 2022). The operators react to the unwanted vibrations due
to psychological and physiological reasons. The relevant studies in (Desai et al., 2021) show
that humans respond differently to vibrations of different frequencies. At the same time, the
vibration frequency of vehicles is also located between 0Hz–20Hz. Therefore, these vibrations
cause adverse health effects for drivers to a certain extent and reduce the service life of vehicle
components. So, reducing the vibrations of construction vehicles especially in the low frequency
range has become a research hotspot in recent years.
Nowadays, the seat suspension systems are widely used to attenuate whole-body vibra-

tion exposure on drivers. For example, Deng et al. (2022) investigated a seat suspension in-
stalled with rotary magnetorheological dampers to avoid end-stop impact. The negative-stiffness-
structure seat suspensions are designed to further ameliorate the vehicle ride quality for different
vibration conditions (Ni et al., 2023). Tan et al. (2021) used an air suspension system to improve
the ride comfort of buses. However, considering that the seated human body is sensitive to the
pitch vibration of vehicles, the parallel mechanisms have been applied to vehicle seats to achieve
multi-dimensional vibration reduction from the cab to the driver (Sun et al., 2023). For exam-
ple, Zhang et al. (2015) proposed a 3-revolute-prismatic-cylindrical (3-RPC) parallel mechanism
combined with energy dissipation components to achieve multi-dimensional vibration reduction.
Wu et al. (2011) proposed a three-translation parallel mechanism which can make the human
body have a better ride comfort.
On the other hand, the seat suspension systems could be classified into three types including

passive, semi-active and active suspensions from the view of control modes. Early researches
mainly focused on the passive seat suspension, but its damping performance is unsatisfactory
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once the vehicle working conditions change. Therefore, in order to solve the above questions, the
semi-active and active control become more and more popular. For example, Abdul Zahra and
Abdalla (2020) use the combination of fuzzy super twisting sliding mode concept (FSTSMC)
and PID controller to improve the comfort of the driver under random road. Khan et al. (2016)
established an active controller of vehicle suspension systems. With the development of magne-
torheological (MR), semi-active suspensions using these smart materials are used and studied
by many researchers. For example, Zhang and Zhao (2017) proposed a semi-active car seat sus-
pension with MR damper, and compared three control methods of fuzzy sliding mode controller
with expansion factor (FSMCEF), PID, and SMC. Jain et al. (2020) proposed a semi-active
seat suspension based on MR dampers. Maciejewski et al. (2020) analyzed an active vibration
damping system with a seated human body. And a new control strategy for permanent mag-
net synchronous motors is proposed. Based on the mathematical model of mass-spring-damper
(MSD) system, Maciejewski et al. (2020) proposed the horizontal seat suspension system using
sliding mode control (SMC) strategy. It can be seen from the above-mentioned documents that
most on current research seat suspensions are based on road vehicles such as automobiles, there
are few studies about “off-road” construction vehicles.
Based on the above researches, this paper studies the vibration-reducing performance of

the kind of 2SPS+SR parallel suspension seat. In order to verify its three-directional move-
ments, the single-open-chain theory is used to obtain the position and orientation character-
istics (POC) set of the seat. The motion differential equations of the seven-DOF vehicle and
three-DOF 2SPS+SR suspension seat is established. A fuzzy PID controller that applies the seat
acceleration variables as feedback signals is proposed, which can control the vertical, fore-aft and
lateral vibration of the vehicle. And the vibration reduction performance of the seat suspension
and the ride comfort of the drivers under different control and different roads are compared.

2. Physical model of 2SPS+SR seat suspension

2.1. Structure of 2SPS+SR seat suspension

As is shown in Fig. 1, the new 2SPS+SR parallel seat suspension is equipped with three
evenly distributed limbs, in which two limbs are composed of moving and spherical pairs

Fig. 1. 2SPS+SR seat suspension of construction vehicle: (a) construction vehicle;
(b) seat model (1 – seat, 2 – moving pair, 3 – rotary pair); (c) 2SPS+SR parallel structure.
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{–Si1–Pi2–Si3–} (i = 1, 2) and the other limb consists of spherical and rotary pairs {–S31–R32–}.
Here, S stands for spherical pair, P is moving pair, and R is rotary pair.

2.2. Vertical-pitch-lateral movement verification

Based on the single-open-chain theory (Yang, 2012), POC sets of the limbs {–Si1–Pi2–Si3–}
(i = 1, 2) are is described as follows:

Mbi =

[
t1(∥ Pi2)

r0

]
∪
[
t2(⊥ρi3,32)
r3(Oi3)

]
∪
[
t2(⊥ρi1,3i)
r3(Oi1)

]

=

[
t1(∥ Pi2) ∪

{
t2(⊥ρi3,32) ∪

{
t2(⊥ρi1,31

}}
r3(Oi3−i1)

]
, i = 1, 2 (2.1)

where t1(∥ Pi2) represents a movement which is parallel to the Pi2 axis, t2(⊥ρi3,32) denotes two
movements which are perpendicular to the ρi3,32 direction, t2(⊥ρi1,3i) denotes two movements
of the chain end which are perpendicular to the vector ρi1,3i, and r3(Oi3–Oi1) shows that there
are three rotations which are perpendicular to the axis Oi3–Oi1.
The POC set of the {–S31–R32–} chain are defined as follow:

Mb1 =

[
t1(⊥R32)
r1(∥ R32)

]
∪
[

t0

r2(O31)

]
=

[
t1(⊥R32)
r2(O31)

]
, (2.2)

where t1(⊥R32) denotes one movement of the chain end which is vertical to the axis R32, r2(O31)
is chosen for two rotations which are vertical to the axis O31.
Therefore, the POC set of the whole 2SPS+SR parallel seat suspension is obtained:

MPa =

[
[t1(⊥R32) ∩ [t1(⊥P12) ∪ t2(⊥ρ13,32)] ∩ [t1(⊥P22) ∪ t2(⊥ρ23,32)]

[r2(O31)] ∩ [r3(O13−11)] ∩ [r3(O23 −O21)]

]

=

[
[t1(⊥R32)] ∩ [t1(⊥P12)] ∪ [t2(⊥ρ13,32)] ∩ [t1(⊥P22)] ∪ [t2(⊥ρ23,32)]
[r1(∥ (O13 −O11))] ∪ [r1(∥ (O23−21))] ∪ [r1(∥ (O11, O21, O31))]

]
. (2.3)

As can be seen from Eq. (2.3), the POC set of the new type 2SPS+SR parallel seat suspension
has three independent elements, and it could realize the desired three-dimensional vertical-pitch-
lateral movements. As a results, the seat suspension structure is feasible and reasonable. Figure 2
shows the 2SPS+SR parallel seat suspension.

Fig. 2. 2SPS+SR parallel seat suspension.
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3. Mathematical model of seat suspension

3.1. Seven degree-of-freedom vehicle model

In this paper, the seven DOF model (depicted in Fig. 3) is used to evaluate the ride comfort
of the proposed 2SPS+SR parallel seat suspension. In Fig. 3, ms and mwi (i = 1, 2, 3, 4) are
the mass for the vehicle body and the i-th mass of wheel axles, ms is the unsprung mass, mwi

(i = 1, 2, 3, 4) is the i-th sprung mass, respectively; ci and ki (i = 1, 2, 3, 4) denote damping and
stiffness coefficients for the vehicle suspensions; cti and kti (i = 1, 2, 3, 4) represent the damping
and stiffness of tires, a and b are the distances of unsprung masses to the center of gravity of
the axles, f and d are the distances between the center of the vehicle body and the front or
rear axles; zsi and zui (i = 1, 2, 3, 4) are the vertical displacements of the four support points
on vehicle body and suspension systems (base), zgi is the i-th road excitations; zs, θ, ϕ are the
vibration outputs of the vehicle body.

Fig. 3. Seven-DOF vehicle model.

The vertical displacement of the four support points on the vehicle body zsi (i = 1, 2, 3, 4)
could be obtained by:

zs1 = zs + fθ + aϕ, zs2 = zs + fθ − bϕ,

zs3 = zs − dθ + aϕ, zs4 = zs − dθ − bϕ.
(3.1)

The mathematical model that describes a vertical motion of the vehicle body can be written
as follows:

msz̈s + k1(zs1 − zu1) + c1(żs1 − żu1) + k2(zs2 − zu2) + c2(żs2 − żu2)

+ k3(zs3 − zu3) + c3(żs3 − żu3) + k4(zs4 − zu4) + c4(żs4 − żu4) = 0. (3.2)

And the differential equation of the vehicle unit in the pitch direction is established:

Iyy θ̈ − k1(zs1 − zu1) · f − c1(żs1 − żu1) · f − k2(zs2 − zu2) · f − c2(żs2 − żu2) · f
+ k3(zs3 − zu3) · d+ c3(żs3 − żu3) · d+ k4(zs4 − zu4) · d+ c4(żs4 − żu4) · d = 0. (3.3)
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The roll movement differential equation is expressed by using the following relation:

Ixxϕ̈+ k1(zs1 − zu1) · a+ c1(żs1 − żu1) · a− k2(zs2 − zu2) · b− c2(żs2 − żu2) · b
+ k3(zs3 − zu3) · a+ c3(żs3 − żu3) · a− k4(zs4 − zu4) · b− c4(żs4 − żu4) · b = 0. (3.4)

In addition, the vertical movement differential equations of four unsprung masses of the
vehicle body are obtained as follows:

mw1z̈1 + k1(zu1 − zs1) + c1(żu1 − żs1) + kt1(zu1 − zg1) + ct1(żu1 − żg1) = 0,

mw2z̈2 + k2(zu2 − zs2) + c2(żu2 − żs2) + kt2(zu2 − zg2) + ct2(żu2 − żg2) = 0,

mw3z̈3 + k3(zu3 − zs3) + c3(żu3 − żs3) + kt3(zu3 − zg3) + ct3(żu3 − żg3) = 0,

mw4z̈4 + k4(zu4 − zs4) + c4(żu4 − żs4) + kt4(zu4 − zg4) + ct4(żu4 − żg4) = 0.

(3.5)

Substituting Eq. (3.1) to Eqs. (3.2)–(3.5), the seven DOF vehicle model is obtained as follows:

msz̈s + (c1 + c2 + c3 + c4)żs + (c1f + c2f − c3d− c4d)θ̇ + (c1a− c2b+ c3a− c4b)ϕ̇

− c1żu1 − c2żu2 − c3żu3 − c4żu4 + (k1 + k2 + k3 + k4)zs + (k1f + k2f − k3d− k4d)θ

+ (k1a− k2b+ k3a− k4b)ϕ− k1zu1 − k2zu2 − k3zu3 − k4zu4 = 0, (3.6)

Iyy θ̈ + (−c1f − c2f + c3d+ c4d)żs + (−c1f2 + c2f
2 − c3d

2 − c4d
2)θ̇

+ (−c1af + c2bf + c3ad− c4bd)ϕ̇+ fc1żu1 + fc2żu2 − c3dżu3 − c4dżu4

+ (−k1f − k2f + k3d+ k4d)zs + (−k1f2 − k2f
2 − k3d

2 − k4d
2)θ

+ (−k1fa+ k2bf − k3ad− k4bd)ϕ+ fk1zu1 + fk2zu2 − dk3zu3 − dk4zu4 = 0, (3.7)

Ixxϕ̈+ (c1a− c2b+ c3a− c4b)żs + (c1fa− c2fb− c3da+ c4db)θ̇

+ (c1a
2 + c2b

2 + c3a
2 + c4b

2)ϕ̇− c1ażu1 + c2bżu2 − c3ażu3 + c4bżu4

+ (k1a− k2b+ k3a− k4b)zs + (k1fa− k2fb− k3da+ k4db)θ

+ (k1a
2 + k2b

2 + k3a
2 + k4b

2)ϕ− k1azu1 + k2bzu2 − k3azu3 + k4bzu4 = 0, (3.8)

mw1z̈1 − c1żs − c1fθ̇ − c1aϕ̇+ (c1 + ct1)żu1 − k1zs − k1fθ − k1aϕ+ (k1 + kt1)zu1

= kt1zg1 + ct1żg1, (3.9)

mw2z̈2 − c2żs − c2fθ̇ + c2bϕ̇+ (c2 + ct2)żu2 − k2zs − k2fθ + k2bϕ+ (k2 + kt2)zu2

= kt2zg2 + ct2żg2, (3.10)

mw3z̈3 − c3żs + c3dθ̇ − c3aϕ̇+ (c3 + ct3)żu3 − k3zs + k3dθ − k3aϕ+ (k3 + kt3)zu3

= kt3zg3 + ct3żg3, (3.11)

mw4z̈4 − c4żs + c4dθ̇ + c4bϕ̇+ (c4 + ct4)żu4 − k4zs + k4dθ + k4bϕ+ (k4 + kt4)zu4

= kt4zg4 + ct4żg4. (3.12)

3.2. Seat suspension analytical model

In this paper, the three-dimensional vertical-pitch-lateral vibration of the vehicle body is
taken as the excitation at the base of a seat suspension. At the same time, the MR dampers
(MRD) are adopted in the limbs {–Si1–Pi2–Si3–} (i = 1, 2). Therefore, the seat suspension
analytical model is built in the Fig. 4, where k12 and k13 denote the spring constant, c12 and c13
are the damping coefficients of the damper, Fi (i = 12, 13) are the forces when the semi-active
control is employed; xr, θz, and Φz represent the vertical, pitch and roll output at the seat’s
center of mass; x02, x03 are the vibration input of the limbs {–Si1–Pi2–Si3–} (i = 1, 2), and x12,
x13 are their vibration output; mr is the occupant mass. The main parameters of seat suspension
are given in Table 1.
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Fig. 4. 2SPS+SR parallel seat suspension: (a) seat suspension; (b) analytical model; (c) MRD.

Table 1. Main parameters of seat suspension.

Parameter description Unit Value

Occupant mass, mr Kg 75

Vehicle body mass, ms Kg 34000

Wheel axles mass Kg 60

Tire stiffness N/m 3.2e5

Vehicle suspension stiffness N/m 4.95e4

Vehicle suspension damping Ns/m 2250

Seat suspension stiffness N/m 200

Seat suspension damping Ns/m 0.6

According to Newton’s law, the differential equation of the suspension seat is shown as
follows:

mrẍr = k12(x02 − x12) + c12(ẋ02 − ẋ12) + k13(x03 − x13)

+ c13(ẋ03 − ẋ13)− F12 − F13, (3.13)

I ′yy θ̈z =− [k12(x02 − x12) + c12(ẋ02 − ẋ12)− F12]
1

2
r

+ [k13(x03 − x13) + c13(ẋ03 − ẋ13)− F13]
1

2
r, (3.14)

I ′xxϕ̈z = [k12(x02 − x12) + c12(ẋ02 − ẋ12)− F12]

√
3

2
r

+ [k13(x03 − x13) + c13(ẋ03 − ẋ13)− F13]

√
3

2
r, (3.15)

where I ′yy and I
′
xx are the moment of inertia in the roll and pitch directions of the seat surface.

4. Fuzzy-PID control

A Fuzzy-PID controller is used to adjust the movement of the 2SPS+SR parallel suspension
seat in real time, which is shown in Fig. 5. A commonly used fuzzy control system in this paper
includes two-inputs and three-outputs, which takes the systematic error e and the error rate
ec as input variables; e stands for the error between the actual acceleration a and the desired
acceleration a0 of the seat. And three-output variables are the automatic quantify factors of
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proportional integral, and differential parameters kp, ki, and kd. For the PID controller, its
output u is defined as

u = kp(a0 − a) + ki

�
(a0 − a)dt+ kd

d
dt

(a0 − a), (4.1)

where

a0 − a = e,
d
dt

(a0 − a) = ec.

Fig. 5. Block diagram of self-tuning fuzzy-PID controller.

Tables 2–4 give the derived rule-bases. The fuzzy language is: NB – negative big, NM –
negative medium, NS – negative small, ZE – zero, PS – positive small, PM – positive medium,
PB – positive big. The physical domains of e and ec are [−4, 4], and the domains of kp, ki, and
kd are [−1, 1]. The Gaussian membership function is used, and the control rule is the IF-Then.
There are 49 rules to describe the relationship of the input and output numerical values in this
article.

Table 2. Fuzzy control rule-base for kd.

e
ec

NB NM NS ZE PS PM PB

NB PS PS ZE ZE ZE PM PB

NM NS NS NS NS ZE NS PM

NS NB NM NM NS ZE PS PM

ZE NB NM NM NS ZE PS PM

PS NB NM NS NS ZE PS PS

PM NM NS NS NS ZE PS PS

PB PS ZE ZE ZE ZE PB PB

Table 3. Fuzzy control rule-base for ki.

e
ec

NB NM NS ZE PS PM PB

NB NB NB NB NM NM ZE ZE

NM NB NB NM NM NS ZE ZE

NS NM NM NS NS ZE PS PS

ZE NM NS NS ZE PS PM PM

PS NS NS ZE PS PS PM PM

PM ZE ZE PS PM PM PB PB

PB ZE ZE PS PM PM PB PB
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Table 4. Fuzzy control rule-base for kp.

e
ec

NB NM NS ZE PS PM PB

NB PB PB PM PM PS PS ZE

NM PB PB PM PM PS ZE ZE

NS PM PM PM PS ZE NS NM

ZE PM PS PS ZE NS NM NM

PS PS PS ZE NS NS NM NM

PM ZE ZE NS NM NM NM NB

PB ZE NS NS NM NM NB NB

5. Simulation results and analysis

5.1. Vibration analysis on different road surfaces

When the vehicle is driven at a speed of 10 km/h, the simulation results for varying road
surfaces and different controllers are shown in Figs. 6–8. At the same time, Table 5 shows root-
mean-square (RMS) accelerations of the suspension. Figures 6–8 denote the fore-aft, lateral and
vertical directions, respectively.

Fig. 6. Acceleration curves of seat under different control modes on E-level road:
(a) roll; (b) pitch; (c) vertical.

A PID controller is developed in order to illustrate the improvement of the proposed fuzzy-
PID. It can be seen from Figs. 6–8 that compared with the passive suspension seat, the PID
and fuzzy-PID control suspension seat can effectively mitigate the vibrations.
In summary, the RMS accelerations of the 2SPS+SR seat using the fuzzy-PID controller in

lateral, fore-aft and vertical directions are 0.149 rad/s2, 0.195 rad/s2, and 0.041m/s2 when the
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Fig. 7. Acceleration curves of seat under different control modes on F-level road:
(a) roll; (b) pitch; (c) vertical.

Fig. 8. Acceleration curves of seat under different control modes on G-level road:
(a) roll; (b) pitch; (c) vertical.
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vehicle is driven on E-class road. At the same time, the RMS accelerations using a simple PID
controller are 0.255 rad/s2, 0.236 rad/s2, and 0.084m/s2, respectively. Similarly, for the F-class
road, the acceleration responses using fuzzy-PID are 0.238 rad/s2, 0.250 rad/s2, and 0.072m/s2.
And for the big excitation amplitude of the G-class road, the acceleration using the fuzzy-
PID controller are 0.618 rad/s2, 0.349 rad/s2, and 0.163m/s2. Therefore, the fuzzy-PID provides
better control effects than PID at this time.
Based on Table 5, it can be calculated that improvements of acceleration performance under

different roads by the PID and fuzzy-PID controllers. The calculation results are shown in Fig. 9.

Table 5. Comparison of RMS accelerations for different roads and controllers.

Road Modes Lateral (axw)
[rad/s2]

Longitudinal (ayw)
[rad/s2]

Vertical (azw)
[m/s2]

Passive 0.469 0.339 0.105

E PID 0.255 0.236 0.084

Fuzzy-PID 0.149 0.195 0.041

Passive 0.763 0.446 0.145

F PID 0.262 0.373 0.083

Fuzzy-PID 0.238 0.250 0.072

Passive 1.844 0.912 0.267

G PID 0.702 0.540 0.169

Fuzzy-PID 0.618 0.349 0.163

Fig. 9. RMS acceleration reduction – passive vs PID vs fuzzy-PID:
(a) E-level road; (b) F-level road; (c) G-level road.
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From Fig. 9, it could be known that the fuzzy-PID controller reduces the RMS accelerations by
68.23%, 42.48%, 60.95% from those of a passive system in lateral, fore-aft and vertical directions
under E-level road. The RMS accelerations of the PID system reduce 45.62%, 30.38%, and 20%
than those of the passive system. More importantly, the accelerations are successfully controlled
by the proposed fuzzy-PID controller, which decrease 41.57%, 17.3%, and 51.19% compared
with those of the PID controller. Similarly, under F-class road, the fuzzy-PID controller reduces
the RMS accelerations by 9.16%, 32.98%, 13.25% from those of the PID controller in lateral,
fore-aft and vertical directions. Under G-class road, the acceleration improvements can also
be seen, the reductions of the fuzzy-PID system are 11.97%, 35.37%, and 39.52% than those
of PID controller. In sum, the fuzzy-PID could obviously reduce the acceleration amplitudes
when compared with the PID one.

5.2. Ride comfort analysis of 2SPS+SR seat

The international standard ISO 2361-1997(E) is a general standard for vibration. Considering
that the vehicle is subjected to vibration from three different directions, the total weighted
acceleration RMS for the three axial directions is given as follows:

aV = [1.4a2xw + 1.4a2yw + a2zw]
1/2, (5.1)

where values of axw, ayw, and azw from Table 5.
The weighted vibration level formula is obtained as

Lav = 20 lg(av/a0), a0 = 10−6m/s2. (5.2)

Table 6 shows the relationship between the weighted RMS value of acceleration, weighted
vibration level, and human subjective feelings given by (ISO 2631-1, 1997) standard.
In order to further verify the damping effect of the 2SPS+SR suspension seat, the total

weighted RMS of acceleration and the weighted vibration level are calculated based on the
above Subsection 5.1 analysis results under different control modes. The computation results
are shown in Tables 6–8.

Table 6. Comfort level under E-class road.

Modes av [m/s2] Lav [dB] Comfort level

Passive 0.159 104 Comfortable

PID 0.110 101 Comfortable

Fuzzy-PID 0.065 96 Comfortable

Table 7. Comfort level under F-class road.

Modes av [m/s2] Lav [dB] Comfort level

Passive 0.186 105 Comfortable

PID 0.126 102 Comfortable

Fuzzy-PID 0.101 100 Comfortable

Table 8. Comfort level under G-class road.

Modes av [m/s2] Lav [dB] Comfort level

Passive 0.409 112 Comfortable

PID 0.250 108 Comfortable

Fuzzy-PID 0.159 103 Comfortable

Through comparison of Tables 6–8 with international standards (ISO 2631-1, 1997), it could
be known that the total weighted RMS of acceleration and the weighted vibration level using
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a passive system are slightly larger than 0.315m/s2 and 110 dB, whose ride is “discomfortable”.
When the PID controlled suspension are installed in the seat, the ride is “not discomfort” when
the vehicles driving under E- and F-class roads, but the Lav is equal to 108 dB and it is very
close to the 110 dB on G-class roads. This phenomenon is caused owing to its fixed PID gains.
When the 2SPS+SR seat controlled by the fuzzy-PID, the ride is ‘not discomfort’ when driving
on E-, F-, G-class roads. As compared to the passive control and the PID control, the fuzzy-PID
control leads to better vibration suppression.

6. Conclusions

In this paper, based on the single-open-chain theory, vertical-pitch-lateral movements are
verified of the new type 2SPS+SR suspension seat. And the motion differential equations of
the seven-DOF vehicle and three-DOF 2SPS+SR suspension seat are established, the proposed
fuzzy-PID controller is designed for the semi-active suspension seat to obtain self-tuning of the
gain parameters.
The simulation results prove that, the RMS accelerations of the 2SPS+SR seat using the

fuzzy-PID controller in lateral, fore-aft and vertical directions are 0.149 rad/s2, 0.195 rad/s2, and
0.041m/s2 under the E-class road condition and the RMS accelerations under the F-class road
are 0.238 rad/s2, 0.250 rad/s2, and 0.072m/s2, and the RMS accelerations under the G-class
road are 0.618 rad/s2, 0.349 rad/s2, and 0.163m/s2, respectively. The fuzzy-PID controller can
get better vibration-reducing effects than the PID system. The comfort levels are computed at
the same time and a successful improvement could also be seen when the fuzzy-PID controller
is adopted.
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