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An overview of semi-active cab suspension system for
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ABSTRACT: In order to improve the ride comfort of trucks and Semi-trailer trucks, the semi-active and active
suspension systems of cab are equipped on the vehicle.An overview of research results in the field of semi-active
suspension systems of cab is proposed in this study. From the dynamic vehicle of the semi-activesuspension
systems of cab withcontrolling damping coefficients, these results are open to researchers who are interested in
further research.Some of the analytical results obtained indicate thatride performanceof hydraulic
suspensionsystems of cab is better than traditional rubber suspension systems of cab under low frequency road
surface excitation.The semi-activesuspension systems of cab are more widely usedfor trucks and semi-trailer
trucks because it both improves vehicle ride comfort and reduces cost.
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I. INTRODUCTION

Traditional suspension systems of cab on vehicles are designed to compromise between conflicting
criteria; Maintaining vehicle ride comfort and ensuring vehicle safety when moving under different conditions.
Semi-active and active suspension systems ensure vehicle ride comfort, support the vehicle and provide control
of vehicle motion by continuously recording parameters, processing information and controlling the actuator to
change or provide additional energy to ensure smoothness of the sprung mass of the vehicles. In recent years,
semi-active suspension systems have been carefully studied and widely applied by car manufacturers, and
practical test results show that the working efficiency of semi-active suspension systems of cab is stable and
gives much better performance than traditional passive suspension systems of cab. The effect of the design
parameters of cab’s suspension system on an agricultural tractor vehicle ride comfort wereanalyzed using a half-
vehicle dynamic model of an agricultural tractor [1]. For semi-active suspension systems of cab that control the
change in viscosity characteristics. The semi-active suspension system of the heavy truck cab with the genetic
algorithm (GA-PID controller) and Fuzzy logic control combined with PID (FLC-PID controller) was proposed
and controlled to improve the ride comfort of the heavy truck [2]. The control efficiency of vehicle’s semi-
active air suspensions(SASs)was proposed under various surfaces of soft and rigid roadsbased on the optimized
rules of the fuzzy control(FC)method and vehicle dynamic model for application in SASs [3]. The cab’s semi-
active suspensions system of heavy truck with Fuzzy logic controller (FLC)was proposed usinga 3-D dynamic
model with 13 DOF [4]. A semi active suspension system for a light commercial vehicle. The semi-active cab
suspension system for trucks was proposed to investigate the effects of three control methods on improving ride
comfort of semi-active cab suspension systems under random and bump road conditions: Proportional-Integral-
Derivative (PID) control, fuzzy PID control, and Model Predictive Control (MPC) [5]. A combined control
method of Fuzzy and PID control was proposed to control the cab isolation system of soil compactor based on
the non-linear vehicle dynamic model [6]. The change of shock-absorber’s damping characteristic was discussed
in three ways: with the use of magneto-rheological (MR) fluids. Their properties change in dependence of a
controlled magnetic field, with the use of electro-rheological (ER) fluids. Their properties change in dependence
of controlled electric field, employing controlled valves, installed in the connection line between two sites of the
piston in the oil-filled damper [7]. For semi-active suspension systems of cab thatchange stiffness value, a new
approach for the active vibration suppression of a space truss structure by using variable-stiffness active
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members was proposed and investigated using a single-degree-of-freedom system [8], [9], and [10].However, it
does not apply to suspension systems of vehicle cab. Semi-active systems with variable stiffness were proposed
using two controllable dampers and two constant springs [11]. A variable stiffness MRF damper with two
chambers and two springs was proposed through the force transmissions of the parts of the variable stiffness
magnetorheological fluid (MRF) damper [12]. The aim of this paper is to discuss research results in the field of
semi-active suspension systems of cab for trucks and semi-trailer trucks to improve vehicle ride comfort.

1. SEMI-ACTIVE SUSPENSION SYSTEM OF CAB

For suspension systems, controlling damping coefficients:The fuzzy logic controller (FLC) was
designed to control the damping coefficient of cab suspension system using a half-vehicle dynamic model of
semitrailer truck [13]. Some illustrative results are shown in Fig. 1.The results showed thatthe values of the
weighted r.m.s acceleration responses of the vertical driver’s seat (aws) and the cab’s pitch angle(aws) With
semi-active cab suspension system significantly decrease by 17.4 % and 25.4 % in comparison with passive cab
suspension system when vehicle moves on the ISO class B road surface at v=70 km/h and full load.
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Fig. 1 Some illustrative results [13]

A dynamic model for a heavy truck including the seat of the driver, cab, vehicle’s floor, and two
front/rear wheel axles of the heavy truck was used to evaluate the performance of the semi-active suspension
system of the heavy truck cab using FLC-PID and GA-PID controller [14]. The obtained results show that the
ride comfort of the vehicle using FLC-PID is better improved in comparison with using GA-PID under different
operating conditions. Especially, when the vehicle moves at a speed of 72 km/h, the values of the RMS
accelerations of the driver's seat and cab pitch angle are greatly reduced by 26.45 % and 26.07 % respectively.
Therefore, the FLC-PID control should be applied to the suspension system of the vehicles to improve the
vehicle's ride comfort.a 3-D dynamic model with 13 DOF was establishedto investigate the effectiveness of the
semi-active cab suspension systems using Fuzzy logic controller (FLC) [15]. The semi-active cab suspension
system for trucks was gaining increasing importance due to its economic advantages, low energy consumption,
and significant enhancement of ride comfort [5]. The effects of three control methods on improving ride
comfort of semi-active cab suspension systems under random and bump road conditions: Proportional-Integral-
Derivative (PID) control, fuzzy PID control, and Model Predictive Control (MPC) were recommended to
analyze their effectiveness on vehicle ride comfort.Schematic diagram of the truck cab suspension model is
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shown in Fig.3.In addition, some research results related to semi-active cab suspension systems for special
vehicles are presented in the references [16], [17].
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Fig. 2 A dynamic model for a heavy truck using semi-active cab suspension systems [14]
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Fig.3 Schematic diagram of the truck cab suspension model [5].

For semi-active suspension systems of cab thatchange stiffness values: Currently, research results on this issue
are still modest.

The cab suspension for passive system was represented by a parallel arrangement of a spring and
damper. The research results obtained address that the active suspension system with gain scheduling strategy
gave better ride improvements compared with active system in terms of vertical cab acceleration [18]. An
accurate model of rolling lobe air spring (RLAS) (see in Fig.4 and Fig.5)was proposed the key to achieve the
design, matching and optimization of air suspension and a refined stiffness model of RLAS with structural
parameters and the stiffness characteristics of rubber bellows was developed. The refined stiffness model of
RLAS also provided theoretical support for accurate performance calculation and optimization design of RLAS,
which could be practically applied in parameters design and match of air suspension [19].Research results in
this field are still modest, it will open a new research direction for scientists.
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Fig.4. Physical model of a typical RLAS [19]
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Fig.5. Schematic of the refined stiffness model of a RLAS [19]

I1l. CONCLUSIONS

An overview of research results in the field of semi-active suspension systems of cab was presented

and analyzed and then the dynamic vehicle of the semi-active suspension systems of cab with controlling
damping coefficient and change stiffness valueswas presented and analyzed in this study. The results drawn
from the overview analysis are as follows: The ride performance of hydraulic suspension systems of cab is
better than traditional rubber suspension systems of cab under low frequency road surface excitation. The semi-
active suspension systems of cab were more commonly used for trucks and semi-trailer because it both
improves vehicle ride comfort and reduces cost. In addition, the research results also give researchers an
overview of the semi-active cab suspension system for trucks and semi-trailer trucks.
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