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Abstract. Hydraulic mounts can provide a better vibration attenuation performance than 
elastomeric mounts especially in the low frequency range. However, it is incapable of providing 
a response-dependent damper for the mount system to improve the ride comfort. In this study, a 
semi-active hydraulic cab mount (SHM) with control optimization was designed to improve ride 
comfort for the heavy vibratory roller. And a 7-DOF non-linear dynamic model of the vehicle was 
established for evaluation of the performance of hydraulic cab mounts based on different control 
optimization algorithms. To simulate roughness height the ISO level D road surface and deformed 
soil model were employed under the compaction work condition. The optimization study for two 
performance objectives as measured by responses of the vertical driver’s seat and cab pitch angle 
was carried out. It was shown that the SHM optimized by the fuzzy logic and proportional, 
integral, derivative controller methods (FLC-PID) giving best optimum values of the objective 
vector as compare to by multi-objective genetic algorithm (MOGA) and PID controller based on 
genetic algorithm (GA-PID). 
Keywords: vibratory roller, hydraulic mount, genetic algorithm, FLC-PID controller. 

1. Introduction 

The cab isolation mounts performance of the vibratory roller is an important factor affecting 
the reliability of the roller, the comfort of operation, the noise level and the service life of the 
components. Therefore, improving the performance of the vibration isolation mounts system of 
the vibratory roller has an important role in improving the performance of the vibratory roller. 

The design parameters of cab rubber mounts on the single drum vibratory roller ride comfort 
was analyzed by Ario Kordestani et al. [1]. Vibration analysis and improve the cab rubber mounts 
of vibratory roller via three cab’s isolation mounts including rubber, hydraulic, and pneumatic 
mounts to increase the ride comfort was studied [2]. The research results show that vibratory 
roller’s ride comfort is significantly increased by the hydraulic mounts (HM). Whereas, the ride 
comfort of the cab is still poor in condition of the vehicle moves. 

In addition, the HM was also studied and applied for engine isolation system [3, 4], and 
semi-active hydraulic engine mounts were developed by Min Wang et al. [5]. In order to improve 
the harshness of construction equipment and industrial vehicles, the HM were used for cab mounts 
[6, 7]. The low frequency performance of vibratory roller cab with HM was studied [2]. However, 
this study only considers the passive cab isolation mounts. Nowadays, the control optimization 
methods such as multi-objective optimization [8], FLC-PID control [9], FLC-Hinf, MR Fluid 
damper and Skyhook-NFLC control [10, 11] are applied to adjust the damping coefficient for the 
semi-active suspension system or active suspension system of vehicles and seat. It was shown that 
mounts with control optimization can significantly enhance the ride comfort compared with the 
passive. 

In this study, a non-linear dynamic model of the vibratory roller cab with the HM [2] is 
established based on Matlab/Simulink software. The control optimization methods as the 
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multi-objective genetic algorithm, GA-PID controller, and FLC-PID controller are applied to 
optimize and control the cab hydraulic mounts under different operation conditions. 

2. Materials and methods 

2.1. Vibratory roller model 

As shown in Fig. 1. The non-linear dynamic model of a single drum vibratory roller with 
7-DOF is developed. 𝑧௦, 𝑧௖, 𝑧௙௙, 𝑧௙௥ and 𝑧ௗ represent the vertical displacements of the seat, the 
cab, the frame-front, the frame-rear and roller drum, respectively. 𝜙௖, 𝜙௙௥ represent the angular 
displacements of the cab and the frame-rear; 𝑚௦ , 𝑚௖ , 𝑚௙௙ , 𝑚௙௥  and 𝑚ௗ  are the mass of the 
driver’s seat, cab, frame-front, frame-rear and roller drum, respectively; 𝑢  represent the 
semi-active damping force of hydraulic mounts. 𝐹௦, 𝐹௖௜, 𝐹ௗ and 𝐹௧ represent the dynamic reaction 
forces in the vertical direction of seat suspension, cab mounts, roller drum mount and tire, 
respectively; 𝑞ௗ and 𝑞௧ are the excitations of the road surface. 𝑙௠ is the distances of the vibratory 
roller, (𝑖 = 1, 2; 𝑚 = 1, 2, ..., 8). The equation of the dynamic reaction force of driver’s seat 
suspension is given by: 𝐹ୱ = 𝑐௦൫𝑧ሶ௖ + 𝑙଼𝜙ሶ௖ − 𝑧ሶ௦൯ + 𝑘௦(𝑧௖ + 𝑙଼𝜙௖ − 𝑧௦). (1)

The equations of the dynamic reaction forces of cab isolation mounts in Fig. 1(b) are given by: 𝐹௖௜ = 𝑘௥௜𝑧௜ + 𝑐௥௜𝑧ሶ௜ + 𝑓௖௜, (2)

with: 𝑓௖௜ = ൜𝑐௛௜|𝑧ሶ௜|𝑧ሶ௜ ,    with hydraulic mounts (HM)𝑢௜,    with semi-active  hydraulic  mounts (SHM), (3)

where 𝑓௖௜  is the damping force of HM; 𝑘௦ , 𝑘௥௜  represent the stiffness coefficients and 𝑐௦ , 𝑐௥௜ 
represent damping coefficients of seat suspension and the rubber of HM, respectively. 

 
a) 7-DOF dynamic model 

 
b) Model of cab mount 

Fig. 1. Vibratory roller dynamic model 

The relative displacements and velocities of HM are given by: 𝑧௜ = 𝑧௕ − 𝑙௜ାଷ𝜙௕ − 𝑧௖ + (−1)௜ାଵ𝑙௜ାହ𝜙௖. (4)

The force equations of the roller drum (𝐹ௗ) and the tire (𝐹௧) are derived in Section 3. The 
general dynamic differential equation for the vibratory roller is given as follow: 
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⎩⎪⎪⎨
⎪⎪⎧𝑚௦𝑧ሷ௦ = 𝐹௦,𝑚௖𝑧ሷ௖ = 𝐹௦ − 𝐹௖ଵ − 𝐹௖ଶ,𝐼௖𝜙௖ = 𝐹௦𝑙଼ + 𝐹௖ଵ𝑙଺ − 𝐹௖ଶ𝑙଻,𝑚௙௥𝑧ሷ௙௥ = 𝐹௖ଵ + 𝐹௖ଶ − 𝐹௧ − 𝐹ௗ,𝐼௙௥𝜙ሷ௙௥ = 𝐹ௗ𝑙ଶ + 𝑀ௗ − 𝐹௧𝑙ଷ − 𝐹௖ଵ𝑙ସ − 𝐹௖ଶ𝑙ହ,𝑚௙௙𝑧௙௙ = 𝐹ௗ.

 (5)

2.2. The vibration excitations of the vehicle dynamic model 

In this study, the elastoplastic soil ground model of Adam D. and Kopf. F. [13] is chosen to 
establish the drum-deformed soil contact relation. In a cycle of the drum-deformed soil contact, 
there exist two or more often three distinct phases. The specific expression of motion can be 
referred to our previously published literature [2]. 

3. The control optimization methods 

3.1. The optimal hydraulic mounts (OHM) based on the genetic algorithm 

Multi-objective genetic algorithms (GA) are optimization method based on principles of 
natural selection. GA is defined as find a vector of decision variables satisfying constraints to give 
admissible to all objective functions [8], it can be written as: 

Find the vector 𝑥 = [𝑥ଵ, 𝑥ଶ, … , 𝑥௡]் to optimize: 𝐹(𝑥) = [𝑓ଵ(𝑥), 𝑓ଶ(𝑥), . . . , 𝑓௡(𝑥)]். (6)

Subject to 𝑔௜(𝑥) ≤ 0, 𝑖 = 1 to 𝑝; ℎ௝(𝑥) = 0, 𝑗 = 1 to 𝑞. 𝐹(𝑥)  is objective functions, 𝑔௜(𝑥)  is inequality constraints, ℎ௜(𝑥)  is equality constraints. 
According to the algorithm of GA [14], the structure flowchart of a genetic algorithm is shown in 
Fig. 2(a): 

𝑠. 𝑡. ⎩⎨
⎧𝑥 = [𝑘௥௜, 𝑐௥௜, 𝑐௛௜]்,1.2 × 10ହ ≤ 𝑘௥௜ ≤ 9.1 × 10ହ,29 ≤ 𝑐௥௜ ≤ 500,4.5 × 10ଷ ≤ 𝑘௥௜ ≤ 25 × 10ଷ,  

min𝐹(𝑥) = [𝑎௪௭௦, 𝑎௪థ௖]், (7)

where 𝑎௪௭௦ is the weight r.m.s. acceleration responses of the driver’s seat and 𝑎௪థ௖ is the weight 
r.m.s. acceleration responses of the cab pitch angle. 

3.2. Design of PID controller for SHM optimized by genetic algorithm (SHM with GA-PID) 

The proportional integral derivate (PID) controller is wide used in industrial process control 
as a result of simple structure and robust performance. The transfer function of PID can be written 
by: 

𝑢(𝑡) = 𝐾௣𝑒(𝑡) + 𝐾௜ න 𝑒(𝑡)𝑑𝑡௧
଴ + 𝐾ௗ𝑒ሶௗ(𝑡), (8)

where 𝐾௣, 𝐾௜ and 𝐾ௗ are the proportional, integral and derivative parameters, respectively.  
The choose of PID parameters is significant effect the performance of PID controller [15], 

therefore, GA and fuzzy logic control rules are applied to calculate the optimal proportionality 
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factors, respectively 𝐾௣ᇱ , 𝐾௜ᇱ and 𝐾ௗᇱ  as follows: 

𝐾௝ᇱ = 𝐾௝ − 𝐾௝୫୧୬𝐾௝୫ୟ୶ − 𝐾௝୫୧୬ = 𝐾௝ − 𝐾௝୫୧୬Δ𝐾௝ , (9)

where the variable ranges of PID’s parameters are [𝐾௝୫୧୬ − 𝐾௝୫ୟ୶]; subscript 𝑗 denotes 𝑝, 𝑖 and 𝑑, 
respectively: 

𝑠. 𝑡. ⎩⎪⎨
⎪⎧𝑥 = ൣ𝐾௣௡ᇱ , 𝐾௜௡ᇱ , 𝐾ௗ௡ᇱ ൧்,1850 ≤ 𝐾௣௡ᇱ ≤ 10500,100 ≤ 𝐾௜௡ᇱ ≤ 8500,0.1 ≤ 𝐾ௗ௡ᇱ ≤ 100,     𝑛 = 1,2. (10)

In order to find the optimal proportionality factors of 𝐾௝ᇱ, the variable ranges in Eq. (10) are 
also chosen optimally based on two objective functions in Eq. (7). 

3.3. Design of PID controller for SHM based on fuzzy logic control rules (SHM with 
FLC-PID) 

In this study, the relative displacement and relative velocity in Eq. (4), Eq. (5) of the cab 
isolation mount are considered as two input variables and they are denoted by E and EC, while 
the proportionality factors 𝐾ௗᇱ , 𝐾௣ᇱ , 𝐾௜ᇱ  and are the output values, and the FLC-PID controller 
model shows in Fig. 2(b). The input and output linguistic variables are defined as positive big 
(PB), positive small (PS), zero (ZO), negative small (NS) and negative big (NB). The membership 
functions described by fuzzy set is the Triangular function and their values in the range of 0 and 
1, both input and output values are in the [–3, 3] range. 

 
a) The flowchart of GA 

 
b) The FLC-PID controller 

Fig. 2. The optimal control model 

Table 1. The fuzzy control rules 
E 𝐾௣ᇱ  𝐾௜ᇱ 𝐾ௗᇱ  

EC NB NS ZO PS PB NB NS ZO PS PB NB NS ZO PS PB 
NB PB PB PS ZO ZO NB NB NS NS ZO PS PS ZO ZO PB 
NS PB PS PS ZO NS NB NS NS ZO ZO NB NS NS ZO PS 
ZO PS PS ZO NS NS NS NS ZO PS PS NB NB NS ZO PS 
PS PS ZO NS NS NB ZO ZO PS PS PB NB NS NS ZO PS 
PB ZO ZO NS NB NB ZO NS NS NB PB PS ZO ZO ZO PB 

In this fuzzy controller, there are up to 25 rules, shown in Table 1, has the following  
expression: 

1. if E = NB and EC = NB then 𝐾௣ᇱ = PB, 𝐾௜ᇱ = NB and 𝐾ௗᇱ = PS; 

2. if E = NB and EC = NS then 𝐾௣ᇱ = PB, 𝐾௜ᇱ = NB and 𝐾ௗᇱ = NB; 
   ⋮ 
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25. if E = PB and EC = PB then 𝐾௣ᇱ = NB, 𝐾௜ᇱ = PB and 𝐾ௗᇱ = PB. 

4. Simulation analysis 

The weight r.m.s. acceleration value (𝑎௪௭) and parameters of a vibratory roller in the reference 
[2] are used to evaluate the results. The results of the seat and cab pitch angle are shown in Fig. 3(a) 
and 3(b). It is shown that the 𝑎௦ and 𝑎థ௖ values with the control optimization methods reduced 
vibration and improved the cab’s ride comfort are very obvious. Besides, both 𝑎௦ and 𝑎థ௖ of SHM 
with FLC-PID also decreased compared with OHM and SHM with GA-PID. 

  

 
a) Low-frequency excitation  

of the drum (𝑓 = 28 Hz) 

 
b) High-frequency excitation  

of the drum (𝑓 = 35 Hz) 

Fig. 3. The accelerations of seat and cab pitch angle 

Table 2. Performance of different mounts when vehicle compacts and moves 
Values HM OHM GA-PID FLC-PID FLC-PID versus HM 𝑓 = 28 Hz 

𝑎௪௭௦ (m/s2) 0.51 0.45 0.40 0.36 29.41 % 𝑎௪థ௖ (rad/s2) 0.95 0.83 0.68 0.51 46.32 % 𝑓 = 35 Hz 
𝑎௪௭௦ (m/s2) 0.48 0.42 0.38 0.32 33.33 % 𝑎௪థ௖ (rad/s2) 0.88 0.72 0.63 0.43 51.14 % 

Table 2 shows that the 𝑎௪௭௦  and 𝑎௪థ௖  values with control optimization methods are all 
decreased compared with hydraulic mounts. When semi-active hydraulic cab mounts are 
controlled with the FLC-PID controller, the control results show that the 𝑎௪௭௦ and 𝑎௪థ௖ values 
are greatly reduced by 29.41 % and 46.32 % when vibrating drum compacts at low-frequency 
excitation and reduced by 33.33 % and 51.14 % at high-frequency excitation. Moreover, the study 
results also show that 𝑎௪௭௦  and 𝑎௪థ௖  values are significantly reduced when vibrating drum 
compacts at high-frequency excitation, it implies that the cab ride comfort is better when vibrating 
drum compacts at high-frequency excitation. 

5. Conclusions 

It was shown that the SHM optimized by the fuzzy logic and proportional, integral, derivative 
controller methods (FLC-PID) giving best optimum values of the objective vector as compare to 
by multi-objective genetic algorithm (MOGA) and PID controller based on genetic algorithm 
(GA-PID). Under the working condition of compaction, 𝑎௪௭௦  and 𝑎௪థ௖  values of SHM with 
FLC-PID significantly decreased by 29.41 % and 46.32 % at low-frequency excitation 28 Hz and 
reduced by 33.33 % and 51.14 % at high-frequency excitation 35 Hz. 
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